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Provisions for the design of roadside foreslopes are not readily available, and as a 
result, engineering judgment is often employed. Unfortunately, this can lead to 
inconsistent designs, where, inevitably, some designs will be too costly and other designs 
will be too dangerous. Therefore, a design guide was created to lend consistency to the 
design of these foreslopes while maintaining the most economical and safe design. 
This design guide was prepared after conducting a benefit-cost analysis using the 
Roadside Safety Analysis Program (RSAP). A large test matrix was developed in an 
attempt to simulate the most possible scenarios, leaving interpolation to a minimum. 
However, before the analysis could be run, the severity indexes associated with 
foreslopes needed to be updated to accurately reflect vehicle damages and injury levels 
caused during an encroachment occurring at an average impact speed. Current indexes 
are overestimated because they were based on a survey given out to highway safety 
officials who were most likely biased toward high-speed accidents. 
To update the severity indexes, accident data from the State of Ohio was analyzed 
using a program called Global Mapper, which allowed the user to measure topographical 
features, such as foreslopes, heights, and offsets. A method is presented to account for 
underreported accidents on flat slopes as well. Finally, equations for determining accident 
cost as a function of the traffic volume are given in conjunction with examples that 
demonstrate the use of these equations. 
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1 INTRODUCTION 
1.1 Problem Statement 
Engineering judgment is used to design foreslopes, and as a result, there is very 
little consistency amongst engineers. Because of this inconsistency, an engineer may call 
for a slope that is flatter than is required or call for a guardrail when one is not needed. To 
determine the best course of action, a benefit-cost analysis would be required. Tools to 
conduct this benefit-cost analysis exist, such as the Roadside Safety Analysis Program 
(RSAP), but it can be cumbersome to apply to every possible highway scenario and 
difficult to implement amongst engineers statewide. With shrinking budgets, it has 
become expedient to develop a systematic approach to designing roadside geometries and 
safety appurtenances that economically create a safe environment. 
A study has been conducted that estimated the severity of crashes involving 
roadside embankments, but the accuracy of that study is questionable [1]. The Roadside 
Design Guide (RDG) associated these encroachments with a severity index, but these 
severity indexes appear to be overestimated because they were determined using 
engineering judgment alone and were primarily based on incidents involving high-speed 
impacts [2]. More accurate severity indexes need to be incorporated into RSAP to 
establish correct accident costs associated with a crash that involves roadside slopes. 
1.2 Objectives 
First, the severity indexes associated with roadside embankments needed to be 
updated to accurately predict accident costs. Then, an extensive test matrix was 
constructed for use in RSAP using parameters that were most likely to influence accident 
costs as those parameters were allowed to change. Next, the results from this analysis 
were used to create equations for any scenario that could predict the accident cost, which 
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in turn could be used in a benefit-cost analysis. Finally, a spreadsheet using Microsoft 
Excel was created to facilitate a quick and simple way to calculate accident costs. 
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2 LITERATURE REVIEW 
2.1 Highway Safety  
Vehicular fatalities in the United States have historically remained relatively 
constant, despite an ever-growing number of vehicular miles traveled. However, in 2009, 
the number of fatalities was 30,797 which was nearly 7,000 less than in 2007, and more 
than 3,000 less than in 2008 [3]. This decrease marks the largest of its kind over the past 
15 years. This decrease was the result of several factors including safer vehicle designs, 
safer roadside designs, and potentially fewer recreational motorists due to rising fuel 
prices. However, the total number of vehicle miles traveled increased by 5 billion, 
resulting in a decrease in the number of fatalities per 100 million vehicle miles traveled 
(1.26 in 2008 to 1.13 in 2009) [3]. Of the 30,797 fatalities in 2009, 18,745 involved a 
single vehicle, and 9,891 of those fatalities were off the roadway [4]. The number of fatal 
crashes in which the first harmful event was a collision on an embankment was 1,018 
which was 3.3 percent of all fatalities, but the total number of crashes in which the first 
harmful event was a collision with an embankment was 52,000, which represented only 
0.9 percent of all accidents [4]. From this data, embankments were shown to be 
disproportionately high for fatal accidents. However, the percent of fatalities has 
decreased slightly from 2008, which had a 3.4 percent fatality rate when a collision with 
an embankment was the first harmful event [5]. Although the general trend of fatal 
accidents from year to year is one of improvement, the number of fatalities is still too 
high, indicating a need for more embankment design guidance based on actual accident 
data. 
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2.2 Monte Carlo Simulation Technique 
The Monte Carlo method generates data from known probability distributions of 
important parameters, like encroachment location, speed and angle, vehicle type, and 
vehicle orientation. This technique allows its user to generate as much data as is required 
without ever running physical tests. As a result, thousands of simulations can be run in 
only seconds, generating the average number of impacts, the average speed and angle of 
the impact, and ultimately, the average accident costs, as determined from the crash 
cushion type and the severity of the impact. However, the actual number of simulations 
required to produce an indicative result is impossible to estimate beforehand. Instead, a 
block of simulations (for example 20,000 encroachments) is tested, and the accident cost 
is determined. Then another block is added, and the accident cost is checked for any 
changes from the first block. If that change is less than 1 percent (high convergence), the 
simulation ceases. Otherwise, the process is repeated until the convergence criterion is 
met. In addition to the end result (accident costs), the randomly generated parameters 
(encroachment location, speed and angle, vehicle type, and vehicle orientation) are 
checked for uniformity from one block to the next. This check ensures that the average 
accident costs are correct and that the simulation does not end too soon [6]. 
The Monte Carlo simulation technique was used because it is capable of 
simulating parameters that need to be combined. This combination creates an 
unpredictable probability distribution. However, the probability distribution of combined 
parameters is not needed in this technique. Only the distributions of the individual 
parameters are required. The Monte Carlo method is also very capable of simulating 
independent parameters. These parameters were selected based on separate random 
processes. They included vehicle type and vehicle orientation. These parameters were 
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considered independent because there was no conclusive data that linked these 
parameters to other parameters. Dependent parameters must be combined into a common 
random number generation process. Speed and angle are connected by physical 
limitations while cornering. Also, the location of the encroachment depends on the 
segment in which the encroachment occurs, the location within the segment, the direction 
of travel, the lane in which the encroachment originates, and the direction of the 
encroachment [6].  
Each of the parameters was scaled to be uniformly distributed (except 
encroachment location). Without this scaling, the probability of some of the severe 
impact conditions would likely eliminate some fatal or severe accidents from the 
scenario. Because these events have the largest effect on accident costs, they need to be 
included. Therefore, a scaling factor is applied to each cell that is assigned to a 
probability of occurrence for each parameter. Later, the average crash cost is divided by 
this scale factor to determine an average encroachment cost. This process has no effect on 
the actual average costs, but it dramatically reduces the effect of over- and under-
sampling the extreme events. The distribution for encroachment location is not scaled 
because the encroachment may occur at any location along a segment (continuous 
parameter). Because of the endless possible locations for an encroachment, the 
probability of each location would be zero, and the scale factor would approach infinity. 
However, the probability distribution is still uniform because the segment is broken up 
into equal sub-segments, and each one has the same chance of producing an 
encroachment. 
Random numbers are generated from a linear congruent generator and are used to 
create encroachment samples. A pseudo-code is created to generate numbers from a start 
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point or seed number [7-8]. If the same seed number is used, the same random numbers 
will be generated. RSAP uses a dual generator, thus increasing the period of randomness; 
after which, the numbers are no longer random. Additionally, a shuffling process is used 
to increase the randomness of the output [9]. 
A drawback to this random process is that no two runs would be the same, in 
theory. Output is allowed to vary within the convergence criteria set by the user. 
Therefore, results cannot be viewed as deterministic. For example, if a benefit-cost (B/C) 
ratio between alternatives 1 and 2, with 1 being the do-nothing alternative, is 2.01, the 
engineer cannot conclude that it is always better to select alternative 2. The next 
attempted analysis may yield a B/C ratio of 1.99 without changing any parameters. 
2.3 Accident Prediction 
2.3.1 RSAP 
RSAP uses two modules to predict accident events. First, the program must 
simulate an encroachment based on encroachment frequency data. Second, for each 
encroachment, RSAP determines if the vehicle will strike any fixed objects or slopes 
using the crash prediction module. Once a crash is predicted, it determines the severity of 
the impact using the crash severity module. From the severity, an average accident cost is 
determined, which in turn, is used to calculate the B/C ratio in the benefit-cost analysis.  
First, an encroachment must be simulated. A study done by Cooper in the late 
1970s was the basis for the encroachment module used in RSAP [10]. However, 
limitations to this study have forced researchers to modify the results. First, 
encroachments of less than about 13.1 ft (4.0 m) were undetectable due to a paved 
shoulders. The results were reanalyzed after excluding encroachments that extended less 
than 13.1 ft (4.0 m) laterally. It was estimated that encroachments were underreported by 
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a ratio of 2.466 and 1.878 on two-lane undivided and multi-lane divided highways 
respectively, and the encroachment frequencies were adjusted upward accordingly [6]. 
Also, controlled and uncontrolled encroachments could not be distinguished. Examples of 
a controlled encroachment include implements of husbandry driving off the pavement or 
a vehicle pulled over to the side of the road to switch drivers. It was believed that these 
controlled encroachments are less in number than the uncontrolled encroachments. In 
fact, a study was done that examined the number of impacts on longitudinal barriers and 
the number of actual reported accidents. From that study, 60 percent of the accidents 
were reported to the police [11]. Therefore, the encroachment frequencies were again 
modified by multiplying the frequency by 0.60 [6]. The results of the Cooper data are 
shown in Figure 1. Additionally, adjustment factors are applied to the encroachment 
frequency for horizontal curvature, vertical grade, traffic growth, and any user-defined 
factor. For sharp curves, steep down grades, and larger traffic growths, the encroachment 
frequency is enlarged. However, the encroachment frequency is never reduced by any of 
these factors. 
There are other competing encroachment models. First, Hutchinson and Kennedy 
conducted a study on a stretch of an interstate in Illinois in the 1960s [12].  Their data 
indicated the same approximate relationship between the traffic volume and the 
encroachment frequency as Cooper’s results. However, new statistical tools have been 
developed and used by Davis to show that the Hutchinson and Kennedy results were 
influenced by the weather and by the sampling technique more than the traffic volume 
[13]. Because the Cooper data and the Hutchinson and Kennedy data show a similar 
trend, the statistical analysis that Davis used should be applied to Cooper’s data as well to 
see if the encroachment frequency held a dependence on weather or sampling techniques. 
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Miaou proposed another method of predicting encroachment frequencies from accident 
data taken from single-vehicle, run-off-road accidents (SVRORA) in Alabama, Michigan, 
and Washington [14]. From those accidents, the probability of a SVRORA occurring for 
a given roadside could be estimated. By multiplying that probability by the traffic 
volume, the expected number of accidents for that roadside configuration could be 
estimated. From this accident model, and by using the traffic volume and length of the 
roadway segment, the encroachment frequency model was created. These results 
indicated a monotonic relationship between traffic volume and the encroachment 
frequency per year per mile, as opposed to the results presented by both Cooper and 
Hutchinson and Kennedy. 
 
 
Figure 1. Cooper Encroachment Data [10] 
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After RSAP has predicted an encroachment, it must determine if a crash will 
occur. Not every encroachment will result in a crash.  By using the speed and angle of the 
encroachment and the hazard layout, the program can determine if a hazard will be 
struck, and if so, if the vehicle will penetrate through the hazard and strike another 
hazard. Hazards that are programmed by the user are sorted by their longitudinal position 
relative to the beginning of the segment. Next, they are placed on the correct side of the 
road or in the median. Finally, they are moved laterally to the specified offset from the 
edge of the traveled way. Next, the vehicle swath must be determined. Based on the 
encroachment module, the vehicle speed, direction, and orientation were all simulated 
using the Monte Carlo method. If any object was in the vehicle swath, a crash was 
predicted. These objects were equipped with penetration data, such that, if the vehicle had 
enough energy, it could penetrate through the object and continue on, possibly striking 
another object. However, this study focused on foreslopes, where no penetration could 
have occurred. Therefore, a crash was predicted if the extent of lateral encroachment 
exceeded the offset to the edge of the slope.  
This module assumes the vehicle maintains a constant angle throughout the event 
(i.e., a straight line) and a constant orientation. Also, the vehicle speed does not change as 
a result of braking. These three assumptions combine into one basic assumption. Driver 
behavior is ignored. This means that the driver’s attempt to maneuver away from the 
foreslope or to slow down before reaching the bottom are not considered. Also, RSAP 
currently does not modify severity indexes based on vehicle orientation, but it would be 
possible to modify the program to change the severities once more is known about how 
different orientations can affect the severity. In addition to using a straight-line 
encroachment, RSAP also does not attempt to predict a rollover on foreslopes. This is 
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concerning because as much as 86 percent of all rollovers are the result of anything other 
than striking a fixed object [15]. Under the NCHRP Project 22-27, RSAP is being 
updated using Visual Basic and Excel [16]. In this update, curvi-linear encroachments 
will be included by randomly selecting one possible encroachment path. Currently, RSAP 
generates a random number that selects the speed and angle of the encroachment, but that 
angle remains constant throughout the simulation. 
2.3.2 Other Accident Prediction Methods 
Zegeer approached accident prediction in a different way. He determined a 
percent reduction in the number of crashes for several roadside features. Of particular 
note, he investigated the effect of sideslopes on single-vehicle accidents and on rollovers. 
He concluded that steeper slopes had higher accident rates and that slopes steeper than 
4:1 had significantly higher rollover rates than slopes that were 1V:5H or flatter [17]. 
Even more importantly, slopes that were 3:1 or steeper had significantly higher single-
vehicle accident rates than foreslopes that were 4:1 or flatter. This trend was also shown 
in the results outlined in this report. Using the same data that Miaou used (Alabama, 
Michigan, and Washington), he analyzed 595 accidents and created an equation that 
accounted for the steepness of the slope, the lane width, the roadside recovery distance, 
the traffic volume, and the shoulder width. Using this equation, he developed a table of 
percent reductions in the number of single-vehicle accidents. These reductions were used 
to reduce the number of known accidents on one slope to the number of expected 
accidents on another slope. His work was later modified slightly to create crash 
modification factors (CMF). These factors were first published in the NCHRP Report No. 
617 and again in the Highway Safety Manual [18-19]. That is, instead of reducing the 
number of known accidents by 10 percent, the number of known accidents was multiplied 
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by 0.90. The tabulated CMFs that were determined from Zegeer’s work and applied to 
single-vehicle accidents are shown in Table 1. 
Table 1. CMFs as They Appear in the Highway Safety Manual [19] 
 
2.4 Severity Indexes 
Glennon and Tamburri may have been among the first researchers to begin 
studying what would become known as severity indexes. Glennon defined a severity 
index (SI) as “a numerical weighing scheme that ranks roadside obstacles by degree of 
accident consequence” [20]. Glennon and Tamburri developed an equation for 
determining the severity of an embankment based on the number of fatal accidents, injury 
accidents, and property damage only (PDO) accidents [21]. It used a weighted average 
that placed a large emphasis on fatal accidents and a smaller emphasis on injury 
accidents, as shown in Equation 1. Other than being included in the equation, no 
additional emphasis was placed on the PDO accidents.  
ܵܫ ൌ ଶହൈሺ௙௔௧௔௟	௔௖௖௜ௗ௘௡௧௦ሻା଺ൈሺ௜௡௝௨௥௬	௔௖௖௜ௗ௘௡௧௦ሻାሺ௉஽ை	௔௖௖௜ௗ௘௡௧௦ሻሺ௧௢௧௔௟	௔௖௖௜ௗ௘௡௧௦ሻ     (1) 
The results of that study demonstrated SI values that would be regarded as high in 
today’s transportation safety community. Since the inception of that study, roadside 
geometries have been made safer by the implementation of better-performing safety 
Table 13-19. Potential Crash Effects on Single Vehicle Crashes of Flattening Sideslopes
Treatment
(Road 
Type)
Traffic 
Volume
Crash Type 
(Severity)
1V:4H 1V:5H 1V:6H 1V:7H
1V:2H 0.9 0.85 0.79 0.73
1V:3H 0.92 0.86 0.81 0.74
1V:4H 0.94 0.88 0.81
1V:5H 0.94 0.86
1V:6H 0.92
Base Condition: Existing sideslope in before condition.
CMF
Sideslope in After ConditionSideslope 
in Before 
Condition
Rural (Two-
lane road)Flatten Sideslopes Unspecified
Single 
Vehicle 
(Unspecified)
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features and the concept of a clear roadside. Also, these SI values were not in a form 
commonly used today, which is a scale of 1 to 10, with 10 being fatal. Instead, Glennon’s 
results could exceed 10 if the percentage of fatalities and severe injuries was high.  
Weaver, Post, and French began work on severity index estimation in 1975 [1]. 
Their approach would define severity indexes on a set scale from 0 to 10, with 10 
representing a 100 percent fatality rate. They also recommended a definition for each 
severity on the scale that included the percent of PDO accidents, injury accidents, and 
fatal accidents. These definitions were based primarily on survey response in which 
participants were asked to rank objects by their severity. This allowed them to estimate 
severity indexes by examining accident reports for various roadside features. They gave 
estimated the severity index to be 3.0 on a roadside slope that was built up of sod. No 
distinction was made between slope steepnesses. 
Zegeer and Parker worked to estimate the severity of utility poles [22]. Their 
work was significant in that it looked at fatal and injury accidents to indicate the severity 
of the object. In addition to this adjusted approach, they were able to conclude that the 
variability in the number of these extreme accidents was high from state to state.  
McFarland and Rollins wanted to validate the definitions set forth by Weaver et al 
[23]. To do so, they examined 136,000 accidents between 1978 and 1979 in Texas. From 
their results, they concluded that in most cases, Weaver’s recommendations were too 
high. However, for trees in particular, Weaver’s recommendation was too low. Either 
way, it was shown that relying on survey responses is not a suitable way to determine 
accurate and reliable severity indexes. 
Brogan and Hall conducted a study on fixed objects in New Mexico from 1980 to 
1982 [24]. Their primary observation was that the magnitude of the severity index alone 
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was not enough to describe the consequence of striking the object. The exposure of that 
object was also required. This would allow the researcher to estimate average annual 
accident costs by multiplying the cost of one accident, according to the severity scale and 
the associated severity costs, by the accident frequency for any given year.  
In 1985, Mak began estimating the relative severity of object impacts based on the 
percent of fatal (K) and incapacitating injury (A) accidents ((K+A) accidents) [25]. The 
SI value was relative because the percent of (K+A) accidents at the target site was 
divided by the percent of (K+A) accidents at all sites. For the purposes of embankments, 
accident data taken from the National Accident Sampling System (NASS) was used, but 
no distinction between slope steepness was made. The use of (K+A) accidents to describe 
the severity of a feature was used in this roadside grading guidance paper because those 
types of crashes represented the majority of the societal costs associated with that feature. 
A fatal accident was estimated at $3.85 million and a severe injury accident was 
estimated at $226,600. The next highest societal cost (moderate injury or “B” accidents) 
was estimated at only $53,000. Therefore, the average severity was significantly affected 
by the K and A accident types. 
The 1996 Roadside Design Guide makes use of a set of SI values for many slope 
and height combinations, as well as for several design speeds [26]. Those values were 
believed to be inaccurate in part because they were based on the design speed and not the 
impact speed. Because design speed was used, it was possible to get a positive value for 
an SI when the speed was zero, which is erroneous for any foreslope with a definable 
slope. RSAP utilizes these severity indexes, but the values were modified by passing a 
line through the origin and the SI values at each speed [6]. The square of the distance 
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between that line and the SI values was minimized, resulting in a linear relationship 
between impact speed and the severity index. 
Wolford and Sicking were able to establish a relationship between impact speed 
and SI values for varying steepnesses as well [27]. Their work examined approximately 
13,700 accidents on embankments alone in the State of Michigan and even more in Utah 
between the years 1985 and 1992. They established representative foreslopes for rural 
interstates, rural arterials, and rural collectors, which had foreslopes of 4:1, 1V:3.5H, and 
1V:2.5H, respectively. In addition, the average depth of these foreslopes was 6.6 ft (2.0 
m). Using the percentage of each accident type on the KABCO scale, an average severity 
was calculated for each foreslope. From the results, additional severity relationships were 
extrapolated from the three known slope severities for depths of 6.6 ft (2.0 m). The 
results are compared to the default RSAP severity values and to the results of this report 
in Chapter 4. 
The default version of RSAP (version 2003.04.01) used the severity indexes 
contained in the 1996 RDG, but those values were modified [6]. The modification was 
imposed to derive the severity index as a function of impact speed. The values listed in 
the RDG were based on the design speed. To adjust the SI values, a line as passed 
through the origin and through the SI values at each speed. The square of the distance 
between the line and each of the points was minimized. The result was a linear 
relationship between the impact speed and the SI, where an impact speed of zero would 
produce an SI of zero. The first step in determining new severity indexes would be to 
analyze accident reports filed by police officers. Police reports use a 5-level rating scale 
to describe accidents. This rating system is known as the KABCO scale, and its 
description is as follows: 
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• K – Fatal injury 
• A – Severe or incapacitating injury 
• B – Moderate or non-incapacitating injury 
• C – Minor or possible injury, and 
• O – Property Damage Only (PDO) 
This 5-level scale was used to determine a severity index for any struck object. 
These indexes can range from 0 (no damages) to 10 (100 percent fatality rate). All 
indexes in between were comprised of some percentage of the 5-level scale used in 
accident reports; however, the injury levels (by percent) were determined by engineering 
judgment. The resulting breakdown of each severity index is shown in Table 2 and was 
taken from the 1996 RDG [26]. 
Table 2. Injury Level Percentages for Each Severity Index 
 
The validity of these values may be questionable because they were also 
determined by survey responses. Recall, McFarland and Rollins showed that Weaver’s 
None PDO1 PDO2 Minor 
Injury - C
Moderate 
Injury - B
Severe 
Injury - A
Fatal - K
0 100.0 - - - - - -
0.5 - 100.0 - - - - -
1 - 66.7 23.7 7.3 2.3 - -
2 - - 71.0 22.0 7.0 - -
3 - - 43.0 34.0 21.0 1.0 1.0
4 - - 30.0 30.0 32.0 5.0 3.0
5 - - 15.0 22.0 45.0 10.0 8.0
6 - - 7.0 16.0 39.0 20.0 18.0
7 - - 2.0 10.0 28.0 30.0 30.0
8 - - - 4.0 19.0 27.0 50.0
9 - - - - 7.0 18.0 75.0
10 - - - - - - 100.0
Injury Level (%)Severity 
Index (SI)
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results were incorrect, and Weaver’s results used an injury percentage table very similar 
to that shown in Table 2. A possible reason for potential errors in these values was that 
most of the accidents included in the survey were biased towards higher speeds. As a 
result, the average severity indexes tend to be overestimated. This means that average 
accident costs will be over-estimated as well. For use in RSAP, the severity index for 
each feature is defined as a linear line between 0 and 60 mph (96.6 km/h). This gives a 
unit of increase in the SI per unit of increase in impact speed. The values used in this 
project are shown below. They were taken from the RSAP User’s Manual [28]. 
 
       SI at         Rate of          SI at 
Type No.  Description     0 mph  Slope           60 mph 
 
Category 1 = Foreslopes 
 
  7    6:1, H >=0.3 m (1 ft)   0.0  0.0286  1.72 
 
  9    4:1, H 0.3 m (1 ft)   0.0  0.0378  2.27 
10   4:1, H >=2.0 m (7 ft)    0.0  0.0430  2.58 
 
12    3:1, H 0.3 m (1 ft)   0.0  0.0458  2.75 
13    3:1, H 2.0 m (7 ft)   0.0  0.0578  3.47 
14    3:1, H 4.0 m (13 ft)   0.0  0.0597  3.58 
 
19    2:1, H 0.3 m (1 ft)   0.0  0.0562  3.37 
20    2:1, H 2.0 m (7 ft)   0.0  0.0778  4.67 
21    2:1, H 4.0 m (13 ft)   0.0  0.0841  5.05 
 
 
2.5 RSAP Input Values 
Three categories of foreslopes have been defined by the American Association of 
State Highway Transportation Officials (AASHTO). They are recoverable, non-
recoverable, and critical. A recoverable slope is defined by AASHTO in the RDG as a 1 
Vertical (V):4 Horizontal (H) slope or flatter [2]. However, when dealing with a freeway 
or other arterials with wide roadsides, the designation in AASHTO’s Geometric Design 
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of Highways and Streets (Green Book) defines a recoverable slope as being flatter than 
6:1 [29]. A motorist can safely and easily traverse this slope by slowing down or they can 
come to a stop. 
A non-recoverable slope can be traversed. When vehicles encroach on these 
slopes, the vehicle is most likely to reach the toe of the slope and extend beyond that 
point. When a barn roof configuration is used, and the non-traversable slope is within the 
extent of lateral encroachment, clear zone widths must extend beyond the toe of the non-
recoverable slope far enough to provide the driver with room to come to a safe stop. The 
RDG defines slopes between 3:1 and 4:1 as non-recoverable [2]. 
Critical slopes are likely to cause rollover, which is extremely hazardous even if 
seatbelts are used. Both the RDG and the Green Book define this category as 3:1 or 
steeper. When vehicles encroach on this slope, they are redirected more laterally, and as a 
result, they encroach much further beyond the edge of the travelway. To reduce the 
amount of lateral encroachment and save space in the clear zone width, a barrier is often 
warranted, provided the traffic volume is large enough to consider treatment. Figure 2 
was created to determine when barriers are warranted, given slope conditions and average 
daily traffic (ADT) [2]. 
In addition to slope flattening, the use of a guardrail system was examined. There 
are two prevailing methods for determining the length-of-need of a guardrail system. The 
first is presented in the Roadside Design Guide (RDG) and is based on an encroachment 
frequency study conducted by Hutchinson and Kennedy [12]. However, this study was 
likely effected by the unfamiliarity of the motorists because the study was begun when 
the interstate it was conducted on was opened. This is supported by the fact that the 
number of low-angle encroachments was much larger in this study than in similar studies, 
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which indicated the willingness of the motorist to pull over, which would be classified as 
a controlled encroachment, and not relevant to encroachment frequencies used in benefit-
cost analyses. The large number of the low-angle encroachments erroneously increased 
the length of travel of the vehicle, which in turn erroneously increased the required 
length-of-need of the guardrail. In addition to the low-angle, controlled encroachments, 
evidence has recently been presented that shows Hutchinson’s and Kennedy’s data was 
affected by time trends and seasonal weather conditions [13]. Instead of a direct link 
between encroachment frequency and only ADT, the authors of this new study concluded 
that encroachment frequency was also a function of the weather conditions, with a higher 
frequency expected in the winter months. 
The second method is presented in the NCHRP Report No. 638: Guidelines for 
Guardrail Implementation [30]. Like the RDG method, this method relies on 
encroachment frequency data to conduct a benefit-cost analysis. Unlike the RDG method, 
this method uses the Cooper encroachment frequency study [10]. This data indicated the 
same trend in the traffic volume as the Hutchinson and Kennedy data; however, this 
study was not influenced by driver unfamiliarity. Also, the length of low-angle 
encroachments was not as long as the corresponding length in the Hutchinson and 
Kennedy data. Because this length was shorter, the required runout length was shorter, as 
confirmed in studies done by Sicking, Wolford, and Coon [31-32]. 
RSAP depends on speed data collected by Mak before the national speed limit of 
55 mph (88.5 km/h) was removed in favor of state-specified speed limits [6,33]. As a 
result, speeds above 55 mph (88.5 km/h) were not included. This was validated by work 
done by Albuquerque et al on impact conditions [34]. They concluded that the average 
impact speed was at most 45 mph (72.4 km/h), and that occurred only on Interstates. 
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In addition to providing an alternative method for calculating the length-of-need 
of a guardrail system, the NCHRP Report No. 638 can be helpful in determining values 
for other parameters, such as minimum slopes, maximum degrees of curvature, and 
maximum grades [30]. Also, offsets were determined from the minimum shoulder widths, 
assuming the worst-case scenario would place the slope at minimum distances from the 
edge of the shoulder. The report surveyed four states to determine minimum design 
standards for different functional classes. Those states were Iowa, Louisiana, New York, 
and Oregon. The results of that survey are shown in Table 3. 
In addition to the roadside geometries, exposure information had to be included in 
the analysis. This information included the percent of trucks on the road, the expected 
traffic growth over the simulated design life, and the traffic volume in vehicles per day 
(vpd). All of this information was found on the Wisconsin Department of Transportation 
(WSDOT) webpage [35]. The percent of trucks on Interstate-90 was 16 percent. 
Additionally, the traffic growth percentage between 2010 and 2020 was 2.1 percent. 
Finally, traffic volumes were estimated for each functional class. These values ranged 
from 100 vpd (rural local) to over 90,000 vpd (freeway).  
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Figure 2. Design Chart for Embankment Warrants Based on Fill Height, Slope, and ADT [2] 
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Table 3. Minimum Design Standards 
 
2.6 Accident Costs and Direct Costs 
Once the severity of the accident is known, the accident cost can be determined. 
To do so, each severity index was assigned to a cost, based on the 1994 gross domestic 
product per capita. The societal cost, according to the FHWA, was $2.6 million per 
fatality in 1994, but that value has been increased for this project by using the Gross 
Domestic Product implicit price deflator [36]. Based on the trending price deflator, in 
2014, the cost of a fatality will be approximately $3,850,942. Based on this cost, the 
remaining costs for each SI were determined using the percent of injury levels shown in 
Table 2. Those costs are shown in Table 4. 
The accident costs shown in Table 4 represent baseline accident costs in RSAP. It 
is then modified by multiplying it by the probability of injury. For example, the 
probability of a fatality is so small, that the cost of an SI = 10 would be considerably less 
than $3.85 million. This new cost is known as the unadjusted accident cost. It is then 
Characteristics 
Rural 
Local/ 
Collector 
Rural 
Arterial 
Urban 
Local/ 
Collector 
Urban 
Arterial Freeway 
Min. Shoulder 
Width, ft (m) 
2 - 8 
(0.6 – 2.4) 
4 – 8 
(1.2 – 2.4) 
6 – 8 
(1.8 – 2.4) 
6 – 10 
(1.8 – 3.0) 
8 – 12 
(2.4 – 3.7) 
Min. Clear Zone, ft 
(m) 
7 – 17 
(2.1 – 5.2) 
6 – 26 
(1.8 – 7.9) 
8 – 26 
(2.4 – 7.9) 
9 – 38 
(2.7 – 11.6) 
10 – 38 
(3.0 – 11.6)
Max. Side Slope 2:1 – 6:1 3:1 – 6:1 3:1 – 4:1 3:1 – 6:1 3:1 – 6:1 
Max. Horizontal 
Curvature 
(degrees) 
5 – 8 3 – 6 7 – 37.5 5 – 10 2 – 3 
Max. Grade 
(percent) 4 – 10 3 – 6 7 – 12 5 – 9 3 – 5 
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adjusted again using four weighting factors. Those factors are associated with the 
encroachment speed and angle, vehicle orientation, vehicle type, and the lane of 
departure of the encroachment. The result is the weighted accident cost. Next, the cost is 
related to the distance from the edge of the traveled way to the object. As the object’s 
distance increases, the probability of striking it also decreases. Therefore, the weighted 
accident cost is multiplied by the probability of striking the object at the given offset. The 
result is the encroachment accident cost. Finally, the sum of the encroachment accident 
costs is divided by the number of modeled encroachments for each convergence check to 
give the average encroachment cost. 
Table 4. Societal Costs for Each Severity Index 
 
 
 
Severity 
Index (SI)
Accident    
Cost
0 -$            
0.5 2,962$         
1 5,958$         
2 12,027$       
3 63,215$       
4 155,252$     
5 365,366$     
6 771,996$     
7 1,253,067$  
8 2,008,711$  
9 2,939,928$  
10 3,850,942$  
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3 RESEARCH APPROACH 
An accident report database from the State of Ohio in the year 2000 was used in 
an attempt to understand the correlation between roadside geometries and accident 
severities. From this data, a more accurate subset of severity indexes was created and 
integrated into RSAP. A test matrix was constructed to adequately cover possible 
roadway configurations, and these configurations were analyzed by RSAP. The results 
from this analysis were used to determine the coefficients of linear equations that could 
be used to calculate the accident cost as a function of the average daily traffic (ADT). 
The first step was to determine accurate severity indexes for foreslopes. A severity index 
is a number from zero to ten used to estimate the societal cost in the form of property 
damages, injuries, and fatalities or a combination of the three. 
Current severity indexes are overestimated because the surveys that were used to 
determine them were representative of high-speed impacts [6]. As a result, the benefit of 
improved safety features would be underestimated. This benefit would be observed in the 
form of reduced societal costs. Therefore, the severity indexes must be updated to 
accurately reflect damages associated with impacts with roadside slopes. This was done 
using data taken from the Highway Safety Information System (HSIS) for Ohio. This 
data included accident locations, highway names and classifications (such as State Route, 
US route, or Interstate), county name, number of vehicles involved in the accident, 
accident location (on or off the road), number of passengers, accident severities (on a 1-5 
scale, with 1 being fatal), first harmful event, and most harmful event. From this 
database, the accidents were sorted to include single-vehicle, ran-off-road accidents 
where no fixed objects were struck, and the most harmful event was an impact with a 
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slope or embankment. To do so, the HSIS Guidebook for the Ohio State Data Files was 
used [37]. 
In addition to the accident data provided in the HSIS files, cross-sectional 
measures were taken using the Ohio Geographically Referenced Information Program 
(OGRIP) and a topographical tool called Global Mapper. The OGRIP included Light 
Detection and Ranging (LiDAR) files for 25,000 square foot (2,322.6 square-meter) tiles. 
These tiles could be read by Global Mapper and used to measure three-dimensional 
features, such as the slope and height of the embankment. The results of these 
measurements were combined with the HSIS database of accidents to begin to establish a 
link between accident severities and the roadside geometries. 
Slopes can be classified by their steepness. They are described in terms of the 
ratio of the vertical distance to the horizontal distance. Flat slopes typically have one unit 
of vertical distance to every six units of horizontal distance (6:1), whereas steep slopes 
are typically steeper than 3:1. The results of a preliminary analysis indicated that the 
severity of the flatter slopes was the same as the severity of the steeper slopes; however, 
intuition would suggest otherwise. This can be explained by the fact that less severe 
accidents (which occur mostly on flatter slopes) were not reported. If they had been, the 
average severity of the flatter slopes would have been reduced. To account for the 
missing accidents, the number of severe or fatal accidents on each slope category was 
used to adjust the severity calculations in RSAP. This was done by assuming a linear 
relationship between the number of these extreme accidents and the mileage of each 
slope category. These slope categories were ranges of slopes derived from the slope 
classifications of recoverable, nonrecoverable, and critical, as defined in the Roadside 
Design Guide [2]. A recoverable slope allows the motorist to maintain control of vehicle 
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and even return it to the roadway safely. They have slopes flatter than 4:1. A non-
recoverable slope allows the motorist to maintain some measure of control in the form of 
maneuvering and slowing down, but it prevents the motorist from returning to the 
roadway. They have slopes flatter than 3:1 but steeper than 4:1. A critical slope forces the 
motorist to reach the toe of the slope and encroach beyond that point. They have slopes 
steeper than 3:1.  
Using trial-and-error, the severity index modification factor used by RSAP was 
modified until the number of severe or fatal accidents predicted by RSAP matched the 
accident data found in the HSIS files. Once the severity indexes were corrected, roadside 
configurations were developed and programmed into RSAP. A test matrix was 
established representing a wide spectrum of possible scenarios. RSAP was allowed to run 
continuously until all the scenarios were simulated. The results were tabulated and used 
to develop that can be used to predict the accident cost directly from the applicable ADT 
value. The coefficients for these equations are presented in this report, but in addition, a 
Microsoft Excel spreadsheet was created that automatically calculates an accident cost 
for any ADT and scenario. This calculation included linear interpolation between two 
known accident costs at known parameter inputs and linear extrapolation beyond the 
range of known values. 
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4 SEVERITY INDEXES FOR FORESLOPES 
4.1 Problem 
Attempts to estimate severity indexes (SIs) have been made for many different 
roadside features, including foreslopes. One prevailing method used to estimate these 
indexes was to survey highway safety officials about accidents in which those officials 
were asked to rank the severity of accidents on a scale of 1 to 10. Those responses are 
believed to have been biased towards high-speed accidents, and as a result, the average 
severity indexes were overestimated [6]. In order to conduct an accurate benefit-cost 
analysis on the effect of flattening slopes, these SI values needed to be updated because 
they have the single largest influence on the accident cost of a given scenario. For 
example, a change in severity index from 2.52 to 3.23 (a 28.2 percent increase) resulted 
in a change in accident cost from $38,644.50 to $84,383.90 (a 118.4 percent increase). 
This problem gave rise to a set of objectives that were partially separate from the original 
objectives of the report. 
4.2 Objective 
First, new SI values needed to be developed and based on actual accident data, as 
opposed to the opinions of safety officials. This objective would not only be necessary 
for the completion of this report, but it may also be useful in other benefit-cost analyses 
involving roadside foreslopes. 
Second, the new SI values needed to be implemented into the benefit-cost 
analysis tool, RSAP, to produce more accurate accident costs, which can be used to 
determine the cost-effectiveness of flattening a slope. 
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4.3 Accident Data Description and Analysis 
4.3.1 Data Description and Preliminary Analysis 
Accident data collected by law enforcement officials in the state of Ohio in the 
year 2000 was used to estimate new severity indexes for foreslopes. That accident data 
was recorded in the Highway Safety Information System (HSIS). The original data 
population included 17,948 accidents. These accidents were then filtered to include only 
single-vehicle, ran-off-road (SVROR) accidents where no fixed object was struck and an 
embankment or ditch impact was included in at least one impact event. This reduced the 
number of accidents to 1,294. Each accident was assigned a severity value on a scale of 1 
to 5 with 1 being fatal (K) and 5 being a property-damage-only (PDO) accident (O). The 
location of the accident was also included and was used to find the site on a digital map 
located on the Ohio Geographically Referenced Imagery Program (OGRIP) [38]. This 
program included 25,000 square-foot (2,322.6 square-meter) LiDAR tiles that could be 
downloaded and used to view that area in a 3-dimensional topographical format. The 
State of Ohio also provided data pertaining to the location of highways and county lines 
in the form of graphical layers. These LiDAR tiles and layers were then combined in a 
program called Global Mapper. This program was capable of examining cross-sections of 
the LiDAR tiles, which provided a view of the slope and tools to measure that slope as 
well as the height of the roadway above the base of the slope. Based on the location given 
in the HSIS data and the highway and county lines given in the layers, the locations of the 
accidents were determined in Global Mapper, at which point, the slopes and heights at 
each accident location were measured and recorded. 
When combining the results of the accident data severities and the cross-sectional 
measurements, the number of (K+A) accidents per mile per slope-height category could 
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be estimated. To do this, each accident was sorted into one of nine categories. Those 
categories were developed by combining the slope with the height. Four slopes were 
chosen to be consistent with RSAP: (i) 2:1 for critical slopes; (ii) 3:1 for non-recoverable 
slopes; (iii) 4:1 for recoverable slopes; and (iv) 6:1, also for recoverable slopes. Three 
height categories were chosen as well. Short heights were considered less than 4 ft (1.2 
m) tall. Medium heights were considered greater than or equal to 4 ft (1.2 m) but less 
than 10 ft (3.0 m) tall, and tall slopes were considered greater than or equal to 10 ft (3.0 
m) tall. The 2:1 and 3:1 slopes utilized all three height categories, creating six 
combinations. The medium and tall heights were combined into one category and used 
with the short height category for the 4:1 slope, creating two combinations. Finally, all 
three height combinations were combined into one category and used with the 6:1 slope 
to create the ninth and final combination. These slope-height combinations were chosen 
to be consistent with the slope-height combinations currently used in RSAP and are 
illustrated in Table 5. 
Table 5. Slope-Height Combinations 
 
The preliminary results suggested that the severity of a non-recoverable slope was 
approximately the same as the severity of a recoverable slope. Obviously, as the slope 
steepness increases, the severity should also increase. The discrepancy in this logic can 
be explained by unreported accidents. Impacts or encroachments on slopes can result in 
Height, ft (m)
Slope
I II III
IV V VI
VII
1V:6H
1V:4H
1V:3H
1V:2H
h ≥ 10 (3.0)4 (1.2) ≤ h < 10 (3.0)h < 4 (1.2)
VIII
IX
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one of four outcomes: (1) the vehicle may return to the roadway without incident; (2) the 
vehicle may come to a controlled stop; (3) the vehicle may strike some fixed object on or 
beyond the slope; or (4) the vehicle may rollover [27]. The third possibility was 
eliminated in this study by filtering out all accidents in which a fixed object was struck. 
The remaining three were left to influence the severity of the slope; however, the first two 
possibilities often result in little or no damage. After one of these accidents, the motorist 
was unlikely to report the accident to authorities. These unreported accidents would have 
occurred more often on flatter slopes. If they had been reported, the increased number of 
low-severity accidents would have increased the overall mileage of accidents for each 
slope category, effectively reducing the number of (K+A) accidents per mile on the 
recoverable slopes. Instead, the number of (K+A) accidents for recoverable and non-
recoverable slopes was within 22 percent of each other whereas the difference between a 
critical and non-recoverable slope was 41 percent. These results are shown in Table 6. 
The lengths used in this table were the lengths provided in the accident data. Each 
accident was given a segment length over which the accident occurred. For filtering 
purposes, the critical slope range was defined as slopes steeper than 1V:2.5H, and the 
recoverable slope range was defined as slopes flatter than 1V:3.5H. All slopes between 
these limits were classified as non-recoverable.  
Table 6. Severity Calculations Based Only on Accident Data 
 
Slope Category Slope Range #(K+A) Length, miles (km) #(K+A)/mile ((#K+A)/km)
Critical < 2.5H 19 865.0 (1,392.0) 0.02197 (0.01365)
Nonrecoverable 2.5H to 3.5H 7 449.9 (724.1) 0.01556 (0.00097)
Recoverable > 3.5H 27 2110.6 (3,396.7) 0.01279 (0.00795)
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It was believed that the number of miles per slope category was under-represented 
for recoverable slopes and possibly non-recoverable slopes due to unreported accidents 
with relatively low severity levels. This length was intended to be a total length for the 
entire highway system in the State, but due the limited sample size, many locations 
throughout the state were not represented in the accident data. In order to more accurately 
assess the number of (K+A) accidents per mile per slope type, the number of miles of 
each slope type had to be estimated across the State of Ohio. 
4.3.2 Mileage of Slope-Height Combinations 
To determine a more representative mileage for each slope category, the entire 
highway network in Ohio should be examined. The State of Ohio has 12,776 miles 
(20,561 km) of rural, two-lane highways [37]. In order to determine how those miles are 
divided up into the slope categories, discretized segments were measured using LiDAR 
tiles and Global Mapper. This was necessary to determine the slopes and heights of every 
segment along the highways. These segments would have to be small enough that 
significant changes in the slope would not be prevalent in one segment. For this report, 
100-ft (30.5 m) long segments were used. This would require approximately 677,128 
measurements to determine exactly how many miles of each slope type there are on rural, 
two-lane highways. By assuming conservatively that each measurement takes one 
minute, it should be obvious that the time demand would be too enormous to consider 
this approach. Instead, highway segments were taken at random and were assumed to 
represent the total highway network. From these random samples, the percentage of each 
slope type could be determined and applied to the total highway length to estimate the 
mileage for each slope type in Ohio. 
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In order to model the statewide highway network, 150 segments of rural highways 
were randomly selected. This was accomplished by using roadway description inventory 
reports, such as the one shown in Appendix A. These tables were imported into Microsoft 
Excel, where filters were applied to the data to eliminate urban segments. In addition, 
interstate highways were filtered out, leaving behind U.S. and State routes. These 
highway types were considered because they are similar to typical rural, two-lane 
highways, which make up the vast majority of the total mileage in Ohio. Once the data 
was filtered, the total length was 11,393 miles (18,335 km). The difference in this value 
and the total number of rural, two-lane highway miles was due to the overlapping of 
some highways. The longer length included some stretches of highways twice because 
they had two names. The filtered data eliminated repeated data, leaving behind the total 
number of actual miles.  
Once the filtered data was prepared, the highways were placed end-on-end by 
summing a cumulative length from the first highway segment to the last. Then a random 
number was generated between 0 and 11,393. This number was used to select a highway. 
This process allowed the longer highways to be selected at a greater probability, which 
allowed the random samples to more accurately model the actual highway distribution. 
This was imperative because accidents were more likely to occur on long highways than 
short highways due to the increased exposure. Each data entry from the inventory report 
broke the highway into segments, using landmarks or some other distinguishing features 
to describe each of those segments. The previously generated random number was also 
used to select a segment within the highway. However, once the segment was chosen, a 
new random number had to be generated to determine the starting point for 
measurements in Global Mapper. As previously mentioned, 100-ft (30.5-m) sub-
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segments were used for each segment. Those segments measured just over 1 mile in 
length or 5,300 ft (1615.4 m). As a result, a random number was generated between the 
beginning milepost of the segment and 1 mile (1.61 km) less than the ending milepost for 
that segment to determine a starting milepost. This ensured that the entire 1-mile (1.61-
km) segment would be located in the selected highway. Once those 150 segments were 
chosen, they were investigated using Google Maps to see if they were in fact rural, two-
lane highways. If they did not meet these criteria, they were ignored. Of the 150 
segments, 127 were used. The used segments were measured the same way the accident 
data were measured. 
Using Global Mapper and the OGRIP database, slope and height measurements 
were taken along both sides of the highway. This was done because the location of the 
accidents was unknown. The side of the road the accident occurred on was given in the 
accident database, but the relative direction of the vehicle prior to the accident was not 
given. As a result, the encroached side of the roadway could not be ascertained. Also, by 
using both sides of the highway, the sample size was doubled to 254 miles (408.8 km). 
To determine if the samples were an adequate model for the entire highway 
system, the ratio of State to US routes was compared for the 11,393 miles (18,335 km) 
and for the 127 miles (204.4 km). Those ratios were 3.34 and 3.10, respectively. This 
constituted a difference of only 8 percent, and as a result, the samples were considered to 
be an adequate model. 
In addition to determining mileage for each slope category, the mileage for each 
height category had to be determined. As previously mentioned, each slope category was 
broken into height categories. The critical and non-recoverable slopes used three heights: 
short or less than 4 ft (1.2 m), medium or greater than or equal to 4 ft (1.2 m) but less 
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than 10 ft (3.0), and tall or greater than or equal to 10 ft (3.0 m). The recoverable slopes 
were broken into two slope categories: 4:1 and 6:1. For the 4:1 slope, two heights were 
used because the medium and tall heights were combined. For 6:1 slope, all height 
categories were combined. Finally, to determine the number of miles in each of these 
nine combinations, the number of miles for the slope-height combination was divided by 
254 (the total miles of the sample). This fraction was applied to the total mileage, 11,393 
miles (18,335 km), to determine the number of expected miles in each slope-height 
combination. The results of the estimated mileage are shown in Table 7. To contrast the 
difference from the previous severity calculations as summarized in Table 6, the 
recoverable miles increased by 340 percent. 
Table 7. Severity Calculations Based on Estimated Mileage 
 
The recoverable slope was treated differently than the other two slope categories, 
because it was represented by two slopes. As a result, the total mileage for those two 
slopes had to be estimated. From the accident data, 38.6 percent of the accidents on 
recoverable slopes occurred on slopes steeper than 1V:5H, or halfway between 4:1 and 
6:1. Then, once the miles of recoverable slopes was multiplied by 0.386, it was then 
broken further into the height categories to give the mileage for the 4:1 slope. The 6:1 
slope mileage was simply 61.4 percent of the total recoverable slope mileage. Using the 
number of (K+A) accidents determined from the accident data, the number of (K+A) 
Slope Category Slope Range #(K+A) Length, miles (km) #(K+A)/mile ((#K+A)/km)
Critical < 2.5H 19 815.4 (1,312.3) 0.0233 (0.01448)
Nonrecoverable 2.5H to 3.5H 7 1096.5 (1,764.6) 0.00638 (0.00397)
Recoverable > 3.5H 27 9264.0 (14,909.0) 0.00291 (0.00181)
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accidents per mile could be estimated for each slope-height combination. These results 
are shown in Table 8 in US units and Table 9 in SI units. 
Table 8. #(K+A) per Mile for Each Slope-Height Combination 
 
Table 9. #(K+A) per Kilometer for Each Slope-Height Combination 
 
4.3.3 Calculation of New Severity Indexes 
4.3.3.1 Approach 
RSAP utilizes a linear relationship between impact speed and severity. This 
relationship was used in this report to determine new SI values for foreslopes based 
solely on the number of (K+A) accidents per mile. The results from taking measurements 
with Global Mapper and combining the measurements with the accident data were 
presented in the previous section; however, those results were inconsistent at times owing 
to the small sample size. As a result, the results had to be modified to produce useable 
accident rates per mile per slope-height combination. Once that was accomplished, the 
RSAP SI modification factor was modified by trial-and-error until the simulated number 
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Short 2521 2 0.0008 260.1 0 0.0000 235.5 6 0.0255
Medium 606.9 2 0.0033 175.5 6 0.0342
Tall 229.5 5 0.0218 404.4 7 0.0173
0.0032185688
0.006671055
1V:6H 1V:4H 1V:2H1V:3HHeight
Slope
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Length # 
(K+A)
#(K+A)/ 
mile
Short 4057 2 0.0005 418.6 0 0.0000 379 6 0.0158
Medium 976.8 2 0.0020 282.5 6 0.0212
Tall 369.4 5 0.0135 650.8 7 0.0108
0.00417
189154 0.0020
1698
Height
Slope
1V:6H 1V:4H 1V:3H 1V:2H
 
35 
 
of (K+A) accidents closely matched the modified accident data results. Once those values 
matched, a new average SI was calculated by RSAP. 
4.3.3.2 Results 
The results of the determination of the number of (K+A) accidents per mile was 
shown in Table 8, but it had to be modified to account for unexpected discrepancies in 
the data. For example, the number of (K+A) accidents per mile decreased for the 2:1 
slope from the medium height to the tall height. It is common knowledge that as the 
height increases, the severity increases as well. The discrepancy was caused by the small 
sample size. It is expected that as the number of accidents in the database increases by 
including additional years of data, the number of (K+A) accidents for tall heights would 
increase relative to the medium heights. An example of the problem of tall heights is 
shown in Figure 3. 
 
Figure 3. Accident Rate for 2:1 Slope, Demonstrating Unreliability of Tall Heights 
In addition to the height complication, the number of (K+A) accidents decreased 
from recoverable slopes to non-recoverable slopes. This was because non-recoverable 
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slopes represent a significantly smaller sample of the total mileage of slope steepness. 
The recoverable slopes flatter than 6:1 were by far the most common slope type, and 
because of the increased exposure, were sure to have more accidents of all types. As a 
result, a monotonically increasing “best-fit” line was passed through the plots of the 
number of (K+A) accidents verses the slope steepness. This was accomplished by using a 
logarithmic function as shown in Figure 4. This procedure was applied to short and 
medium heights but was neglected for tall heights due to the trend shown in Figure 3.  
 
Figure 4. Accident Rate vs. Slope Steepness for Short and Medium Heights 
From the logarithmic functions, linear equations were developed by solving for 
the number of (K+A) accidents for each slope for both the short and medium heights. It 
was assumed that the short height was 1 ft (0.0.3 m) and the medium height was 7 ft (2.1 
m). This gave two points for each slope, which were then used to construct the slope-
intercept equations shown in Equations 2 through 4. These equations were used to 
determine the number of (K+A) accidents per mile for each slope and height 
combination, including the tall heights. 
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y = 0.02403ln(x) + 0.03650
Medium
y = 0.02879ln(x) + 0.04726
0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04
0 0.1 0.2 0.3 0.4 0.5 0.6
#K
+A
 / 
m
ile
Slope, V/H
Accident Rate v. Slope Steepness
Short Height
Medium Height
 
37 
 
߮ଶ ൌ 0.00130݄ ൅ .01854   (2) 
߮ଷ ൌ 0.00098݄ ൅ .00912   (3) 
߮ସ ൌ 0.00021݄ െ .00021   (4) 
Where ߮ଶ, ߮ଷ, and 	߮ସ are the number of (K+A) accidents per mile for the 2:1, 
3:1, and 4:1 slopes respectively, and h is the height of the foreslope in feet. The expected 
number of (K+A) accidents per mile for the 6:1 slope was reduced to zero since there 
were no accidents on heights less than 13 ft (4.0 m). It should be noted that at 1 ft (0.3 m) 
the number of (K+A) accidents on a 4:1 slope goes to zero. The reductions on the 
recoverable slopes may be overestimated, but this overestimation would be conservative 
because it would reduce the severity of flat slopes in comparison to steeper slopes or 
guardrail applications, making the flat slopes better alternatives than if default SI values 
were used. If more data becomes available, the results for the 4:1 and 6:1 slope should be 
revisited. The graphical results of Equations 2 through 4 are shown in Figure 5. 
 
Figure 5. Accident Rates for Foreslopes 
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Once the expected number of fatal or severe accidents was known, the trial-and-
error process was begun that would alter the simulated number of (K+A) accidents. As a 
stochastic program, RSAP looks to outside data files for some of its input. One of those 
files contains information for only foreslopes. In that file, there is a severity index 
modification factor, which by default, is set to one. By reducing this value, the number of 
simulated (K+A) accidents would also be reduced, which was required based on the 
default simulation results and the accident data results. Because of the inexact nature of 
the Monte Carlo technique, the precision of this factor was carried out to two decimal 
places. When two adjacent factors (say 0.62 and 0.63) straddled the expected number of 
(K+A) accidents, the value that yielded the closest result was chosen. This process was 
repeated for each of the slope-height combinations. The results of this process, including 
the new SI values, are shown in Table 10, assuming the traffic volume was 10,000 vpd on 
a rural principal arterial, undivided highway with a speed limit of 55 mph (88.5 km/h). 
Table 10. SI Values and Modification Factors with #K+A Results 
 
Comparatively speaking, these results were less than the results presented by 
Wolford and the default values of RSAP. This was expected, considering the RSAP 
results were possibly biased toward higher-speed accidents. For an illustrative 
Slope Height (ft)
Default 
RSAP SI
Default RSAP 
#K+A per mile
SI 
Modification 
Factor
New RSAP 
SI
DATA #K+A 
per mile
New RSAP 
#K+A per 
mile
1V:6H Any 1.65 0.00469 0.60 0.98 0.0000 0.0000
1 2.18 0.01597 0.46 1.00 0.0000 0.0000
7 & 13 2.47 0.02548 0.53 1.31 0.0013 0.0013
1 2.64 0.03458 0.75 1.97 0.0101 0.0102
7 3.34 0.08077 0.65 2.17 0.0160 0.0157
13 3.45 0.08987 0.69 2.37 0.0219 0.0218
1 3.24 0.07234 0.71 2.30 0.0198 0.0197
7 4.48 0.17235 0.56 2.51 0.0276 0.0268
13 4.84 0.19787 0.55 2.66 0.0354 0.0355
1V:4H
1V:3H
1V:2H
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comparison of the three sources of SI values, see Figures 6 and 7. These plots were 
created assuming the embankment height was 7 ft (2.1 m). 
 
Figure 6. Severity Indexes - 2:1 and 3:1 Foreslopes 
 
Figure 7. Severity Indexes - 4:1 and 6:1 Foreslopes 
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5 SENSITIVITY ANALYSIS 
5.1 Analyzed Parameters 
Eighteen parameters were evaluated against the baseline condition (shown in 
Figure 8) to observe the impact of each parameter. The impact of each parameter was 
converted into a sensitivity index and was used to establish a more refined pool of 
parameters to vary in the detailed study. 
 
 
Figure 8. Base Condition for Sensitivity Analysis 
The median width was chosen from the barrier warrant diagram given in the 
Roadside Design Guide [2]. An average width of 40 ft (12.2 m), or midway between 30 ft 
(9.1 m) and 50 ft (15.2 m), was chosen. Because this report considers the use of a 
longitudinal barrier, this barrier warrant was justified. The number of lanes was tested to 
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cover a range of 2 to 6 lanes, which is adequate when dealing with rural local and arterial 
highways as well as rural freeways. The volume of traffic was varied from 10,000 to 
90,000, which, with the exception of local highways, reflects most highway conditions. 
The degree of curvature was of particular concern, and as a result, the analysis was 
conducted on an extreme range of possible curvatures. Similarly, the grade of the 
highway was adjusted to show the impact of both downgrades and upgrades.  
All functional classes were analyzed, and it was determined that each had 
particular impacts on the study. Likewise, the area type (rural or urban) was shown to 
influence the accident costs, but on a smaller scale. The functional classes and area types 
were combined in RSAP and were treated as one parameter in the detailed study.  
The level of service of a highway represents operating conditions at or near the 
highway’s capacity and are described on an alphabetical scale from “A” to “F,” with the 
latter representing a complete breakdown in flow [39]. The level of service traffic 
volumes were used to select standard lane and shoulder widths. Typically, lanes are 12 ft 
(3.7 m) wide. Reducing that width reduces the highway’s service volume for a level of 
service of “E” by 13 percent for a width of 10 ft (3.0 m) and 24 percent for a width of 9 ft 
(2.7 m) [40]. As a result, the parameter study only accounted for a reduced width of 10 ft 
(3.0 m). To analyze larger widths with the same degree of change, the upper range was 
represented by a 14-ft (4.3-m) width. Shoulder width was included in this analysis but 
had little impact and, ultimately, was dropped from consideration. Shoulder widths larger 
than 6 ft (1.8 m) had no added benefit to service volume, while 2-ft (0.6-m) widths only 
reduced the capacity service volume by 7 percent at a level of service of “E” and a 12-ft 
(3.7-m) lane width [40]. 
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The traffic growth rate and percent of trucks were estimated by the Wisconsin 
Department of Transportation (WSDOT) to be approximately 2 percent and 16 percent, 
respectively [35]. To verify that these parameters could be held as constants, they were 
analyzed as part of the sensitivity analysis and were found to be inconsequential.  
The distance from the edge of the travel way to the obstruction, or offset, was also 
analyzed. Values for this parameter were small by comparison to the RDG 
recommendations for clear zone distances, which can approach 28 ft (8.5 m) on 
foreslopes [2]. However, in urban areas, no actual requirements are given. A study by the 
Iowa State University presented results from a survey that indicated a desirable offset of 
12 ft (3.7 m) was common in many states [41]. As a result, a 12-ft (3.7-m) offset was 
chosen as the maximum offset, with 4-ft (1.2-m) increments, making 8 ft (2.4 m) the 
baseline offset.  
For the sake of completeness, the different alternatives and heights were 
considered in the sensitivity study. The heights were chosen to represent a range of 
severities. At 1 ft (0.3 m), the severity of a 2:1 foreslope at 62 mph (100 km/h) was 3.1 
on smooth and firm conditions, according to the 1996 Roadside Design Guide. Under the 
same scenario, the severity indexes at 7 ft (2.1 m) and 13 ft (4.0 m) were 4.3 and 4.6, 
respectively. The change between 1 and 7 ft (0.3 and 2.1 m) was 39 percent while the 
change between 7 and 13 ft (2.1 and 4.0 m) was only 7 percent. Therefore, these three 
values represented a vastly changing section of the severity-height plot from 1 ft (0.3 m) 
to 7 ft (2.1 m) and a vastly unchanging section from 7 ft (2.1 m) to 13 ft (4.0 m). As with 
the functional class and area type, RSAP combines the alternative and height into one 
parameter. As expected, the resulting accident costs were significantly different from the 
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baseline accident costs. The parameters examined in the parametric study are outlined in 
Table 11. 
Table 11. Baseline and Parameter Values 
 
 
5.2 Baseline Accident Cost Determination 
The speed limit was set to 55 mph (88.5 km/h) for all conditions. This was the 
maximum speed that RSAP can use because the speed distributions were based on a 
study done when the national speed limit was still set at 55 mph (88.5 km/h) [6, 33]. In 
addition, the average impact speed on interstate highways was approximately 45 mph 
(72.4 km/h), according to a study completed in 2009 [34]. The higher speed was chosen 
to represent a larger percentage of possible impacts than the average impact speed. Since 
55 mph (88.5 km/h) was the highest allowable speed, it was used. The encroachment rate 
adjustment factor was set to 1 for all analyses because it is only used in specific situations 
when the Cooper encroachment data can be substituted with more accurate data. The 
segment length was set at 2,640 ft (804.7 m) simply to allow for enough space such that 
the number of encroachments could be accurately modeled. If the length is too small, 
Monte Carlo simulation may predict zero accidents on that segment, even if the 
Parameter Baseline
Number of Lanes 4 2 6
ADT 50,000 10,000 90,000
Degree of Curvature 0 8 L 8 R
Grade 0 - 6% + 6%
Lane Width 12 ft 10 ft 14 ft
Traffic Growth Rate 2.0% 1.5% 2.5%
Percent Trucks 16% 5% 40%
Length of Feature 800 ft 100 ft 1500 ft
Offset 8 ft 4 ft 12 ft
Shoulder Width 4 ft 2 ft 6 ft
Height 7 ft 1 ft 13 ft
Variations
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encroachment frequency is not zero. The distance from the beginning of the first segment 
to the feature was set to 0 arbitrarily. This value was not significant because RSAP 
automatically places a segment in front of the specified segment in order to predict 
impacts away from the roadway, even at the beginning of the segment. The width was 
determined by the height and the slope. For example, on a 3:1 slope and a height of 7 ft 
(2.1 m), the width would be 3 ൈ 7 ൌ 21 ft (6.4 m). After inputting the remaining 
variables given in Table 11 into RSAP and running the program with a high level of 
convergence, a baseline accident cost report was produced. By rerunning the analysis 200 
times with identical input values, as suggested in the RSAP Engineer’s Manual, an 
average cost was determined to be $21,199.67 for all cases, except the highway division 
study, as shown in Table 12. 
5.3 Parametric Analysis 
Only one parameter from Table 11 was changed at a time, which demonstrated 
each parameter’s impact on the accident cost. Each parameter was analyzed once using 
RSAP to determine its accident cost. In order to refine the parameter pool, engineering 
judgment was used to determine which variables were sensitive to change. The sensitivity 
analysis was conducted to reduce the number of the variables outlined in Table 11 such 
that the total number of required scenarios to simulate could be reduced. 
To calculate the effect of changing a parameter, the baseline accident cost was 
calculated first, as noted in Section 5.2. Then, the accident costs were determined 
individually for each parameter as it was changed. Finally, the percent difference was 
calculated for each parameter, effectively measuring the influence of that parameter on 
the accident cost. Most parameters had two variations to the baseline. As a result, there 
were two new accident costs and two new percent differences for those parameters. In 
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order to gage the parameter as a whole, the percent differences were averaged together 
for each parameter, where applicable. These average percent differences are shown in 
Table 12 
Using engineering judgment, the bottom five parameters shown in Table 12 were 
excluded. This cutoff point included offset in the analysis but excluded the number of 
lanes. This was partially due to the fact that as the number of lanes was allowed to 
increase, the percent difference in accident cost was almost negligible. Also, some 
functional classes simply don’t use four or more lanes, such as a rural local highway. The 
percent differences for the remaining parameters indicate a percent difference in accident 
cost of no more than 7 percent, making them insensitive to change. 
Table 12. Accident Costs and Percent Differences for Each Parameter 
 
 
5.4 Detailed Study Recommendation 
The alternative and the highway division were determined by the functional class 
independent of the results of the parameter study. The results indicate that those two 
parameters were in fact sensitive to change; however, they were not subject to the same 
Parameter
Baseline 
Accident 
Cost
Average 
Percent 
Difference
Degree of Curvature 21,199.67$ 50,245.39$        32,193.86$        94%
Length of Feature 21,199.67$ 3,820.44$          39,353.44$        84%
ADT 21,199.67$ 7,937.52$          31,568.47$        56%
Grade 21,199.67$ 31,779.03$        32,129.55$        51%
Height 21,199.67$ 7,390.78$          26,186.20$        44%
Offset 21,199.67$ 27,441.54$        16,063.66$        27%
Number of Lanes 21,199.67$ 17,206.76$        22,883.78$        13%
Lane Width 21,199.67$ 22,965.74$        19,836.64$        7%
Traffic Growth Rate 21,199.67$ 20,079.64$        22,387.09$        5%
Shoulder Width 21,199.67$ 20,506.61$        20,547.96$        3%
Percent Trucks 21,199.67$ 21,088.98$        21,385.30$        1%
Variation Accident Cost
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changes for every functional class. The same alternatives were considered for most 
highways. The use of these alternative slopes is explained in more detail in Chapter 7. 
The division of the highway was dependent on the functional class. Freeways were 
divided only, and local highways were undivided only. Arterials included both divided 
and undivided classifications. Therefore, the parameters left to be altered and used to 
create an RSAP test matrix were the length of the feature, height, traffic volume, degree 
of curvature, percent grade, and offset. These parameters are highlighted in Table 12. 
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6 RSAP ALTERNATIVES 
Three safety treatments were considered for this study. They were: (i) do-nothing; 
(ii) slope flattening; and (iii) guardrail installation. Each one of these treatments were 
modeled using RSAP and are described in the following sections. 
6.1  “Do Nothing” Condition 
Alternatives are compared to a baseline condition known as the “do-nothing” 
condition. The do-nothing option consists of applying no safety treatment to the roadside 
slope. This was done if the direct costs of flattening the slope were too expensive or if the 
severity of striking a guardrail outweighed the severity of striking the existing slope. For 
all rural local highways, a minimum slope of 2:1 was used, but for all other highway 
types, a minimum slope of 3:1 was adopted based on recommendations from Guidelines 
for Guardrail Implementation [30]. 
6.2 Slope Flattening 
Soil must be transported to the site and compacted in place. The slope of the 
roadside is defined by a rise-over-run designation, with the rise always equal to 1 unit. 
For example, a slope with a rise of 1 unit and a run of 2 units would be designated as 2:1. 
The transportation of the soil would depend on the distance between the source of the soil 
and its destination. In some cases, there may be an excavation project nearby, and the 
cost of fill material would be almost nothing. In contrast, if soil must be transported over 
a great distance, the cost would have a large negative effect on this alternative’s viability. 
The contractor must compact the soil to meet the specifications set forth by the engineer. 
This means that the volume of fill to be transported must be larger than the volume of fill 
required. This volume difference must be accounted for when determining the cost of the 
material. 
 
48 
 
In addition to the cost of the fill, the cost to purchase the land immediately 
adjacent to the roadway must be ascertained. Once again, this cost may fluctuate 
significantly. Perhaps the state already owns the land, and the cost of the right-of-way 
(ROW) would be zero; or maybe the adjacent area is farmland, which could be a 
significant purchase. Because of the high uncertainty of the costs of this alternative, B/C 
ratios could not be estimated. Instead, only the numerator of the B/C ratio could be 
determined. What is certain is that as the slope gets flatter, its safety performance 
increases. 
As a vehicle goes over an embankment, its center of gravity acts through a point 
outside of the geometric center of the vehicle. Steeper slopes cause the center of gravity 
to move farther out relative to the vehicle than on flatter slopes. Therefore, as the slope 
gets steeper, the likelihood of a rollover increases. Flatter slopes reduce the severity of 
each accident because the frequency of a rollover is reduced. As a result, the cost per 
accident decreases. For this study, only the values that have been pre-programmed into 
RSAP were used. Those slopes were 2:1, 3:1, 4:1, and 6:1. 
6.3 Guardrails and Terminals 
If slope flattening is not a feasible or economical option, the next alternative 
design to consider is to shield the existing slope with a guardrail system. This is 
considered a secondary option because impacts with the guardrail may be more 
dangerous than simply leaving the slope unprotected. As a vehicle strikes the guardrail, 
there is a propensity for vehicular instability, which could cause the vehicle to rollover. 
The vehicle may also vault over the guardrail and traverse the steep slope anyway. It 
could also be redirected into traffic or snag on rigid posts. Occupant risk may increase in 
the form of ride down accelerations or occupant impact velocities. Also, these systems 
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are located closer to the roadway than the edge of the slope. Previous research 
demonstrates that guardrails can be adequately implemented on slopes as steep as 2:1, but 
this requires longer posts or closer post spacing and the use of the Midwest Guardrail 
System (MGS) [42]. Despite the ability to place the guardrail system immediately 
adjacent to the slope, the face of the guardrail is still closer to the roadway. Being closer, 
the impact probability would increase, as would the accident costs. 
The RDG method for determining the length-of-need was chosen for this report 
for two reasons. First, it results in conservatively long lengths of guardrail. Second, it is 
most likely the more common of the two methods. All guardrails and terminals were 
designed at Test-Level 3 (TL-3) in order to safely redirect vehicles at speeds greater than 
45 mph (72.42 km/h). The amount of guardrail required to shield the foreslope was 
determined based on the length of the slope adjacent to the roadway and the offset of this 
slope from the edge of the roadway. A more detailed description of how the length-of-
need was calculated is presented in Section 8.2. 
End terminals are required on the ends of most guardrail applications, especially 
on the end facing the primary direction of travel. In situations where a guardrail is used 
on the roadside of a divided highway, a terminal may not be required on the downstream 
end (facing opposing traffic), but in this study, it was included as part of the conservative 
design. These terminals were entered as TL-3 and were assumed to be 37.5 ft (11.4 m) 
long by 1.5 ft (0.5 m) wide, based on suggestions in the RDG [2].  
6.4 Decision Tree 
Usually, striking any obstacle is more hazardous than missing it. Therefore, if 
flattening a slope is warranted, it should be used. However, if flattening a slope is too 
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expensive to implement, then the use of a longitudinal barrier should be examined. This 
decision tree is illustrated in Figure 9. 
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Figure 9. Alternative Decision Tree
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7 RSAP INPUT VALUES 
Parameters characterized by a low sensitivity were assigned a constant value 
throughout all analyses. The area type was grouped with the functional class (e.g. Rural 
Freeway) and was treated with the moderately sensitive parameters. Four lanes were used 
on freeways and divided arterials, but two lanes were used on undivided arterials and 
local roads. A shoulder width of 8 ft (2.4 m) was also used on all highway types except 
the freeway. This width was chosen to give law enforcement enough room to pull over to 
the side of the road, to give maintenance workers enough space, and to provide enough 
room for motorists to avoid accidents [43]. The shoulder width on a freeway was 
increased to 12 ft (3.7 m) to account for the increased traffic volume [44]. The location of 
the slope or guardrail system under examination was assumed to be on the right side of 
the roadway. Default values of 25 years and 4 percent were used for the design life and 
discount rate, respectively. The traffic growth rate was estimated to be 2 percent between 
the years 2010 and 2020 in the State of Wisconsin, and the percent of trucks was set at a 
constant 16 percent [35]. 
Features and values to be used in a detailed study are summarized in Table 13. 
Offset values were chosen to represent a range of values capable of modeling actual 
offsets. Similarly, the height of the embankment and the length of the feature were 
chosen to represent a range of practical values. The grades, degrees of curvature, and 
slopes were chosen from the National Cooperative Highway Research Program’s 
(NCHRP) Report No. 638, and they varied depending on the functional class of the 
highway [30]. This report gave minimum design standards and are shown in Table 3. 
This table was applicable to the side slopes, horizontal curvature, and the percent grade. 
For the side slopes, all functional classes except the rural local/collector gave a maximum 
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steepness of 3:1. For the rural local/collector highwar, the maximum steepness was 2:1. 
From these ranges, the sideslopes discussed in Section 6.2 were chosen. 
From this information, representative values were chosen that would adequately 
describe the parameter while reducing the number of required RSAP runs. Three values 
were chosen for horizontal curvature and percent grade. Those three values were 
modified per functional class to describe the range shown in Table 3. When possible, the 
increments between each value were kept equal. For example, the degrees of curvature 
for a rural local highway were 0, 4, and 8 degrees to the left (L), with the latter 
representing the absolute maximum value given in NCHRP Report No. 638. Left curves 
and downgrades were selected over their counterparts because they represented the worst 
case for those parameters. By using only the worst case, the results were conservative, 
and the number of RSAP runs was reduced. The horizontal curvatures and percent grades 
are summarized in Table 13. 
The final three parameters described in Table 13 were constant for each functional 
class and alternative. Again, three values were used to provide enough data to interpolate 
at any value while limiting the number of RSAP simulations that were required. Each of 
the parameters had equal increments between their values. In general, and when extreme 
values are avoided, the values of these parameters are arbitrary because the results will be 
used in linear interpolation to determine accident costs at any length, height, or offset. As 
the length of the feature increased, the accident frequency would increase linearly as 
well. As a result, the actual values used in RSAP were only significant in the 
interpolation of the results of the study. The height selection was discussed in the 
parametric study, and the same values were used in the detailed study. Recall that the 7-ft 
(2.1-m) height was close to an inflection point in the SI-height plot. The lower height was 
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representative of a high-slope portion of that plot, while the upper height was 
representative of the low-slope portion of that plot. For the final parameter, offset, values 
were chosen at relatively close proximity to the roadway. As the offset increases, the 
accident frequency decreases. In order to capture the effect of a more turbulent region of 
encroachments, offsets of diminished magnitude were selected. 
Table 13. RSAP Input Values 
 
Rural Local Urban Local Rural Arterial Urban Arterial Freeway
1:2 Slope 1:3 Slope 1:3 Slope 1:3 Slope 1:3 Slope
1:3 Slope 1:4 Slope 1:4 Slope 1:4 Slope 1:4 Slope
1:4 Slope Guardrail 1:6 Slope 1:6 Slope 1:6 Slope
1:6 Slope Guardrail Guardrail Guardrail
Guardrail
Degree of Curvature (°) 0, 4, 8L 0, 3, 6L 0, 3, 6L 0, 4, 8L 0, 2, 3L
Grade (%) 0, -4, -8 0, -6, -12 0, -3, -6 0, -3, -6 0, -2, -3
200 (60.96) 200 (60.96) 200 (60.96) 200 (60.96) 200 (60.96)
800 (243.84) 800 (243.84) 800 (243.84) 800 (243.84) 800 (243.84)
1400 (426.72) 1400 (426.72) 1400 (426.72) 1400 (426.72) 1400 (426.72)
1 (0.30) 1 (0.30) 1 (0.30) 1 (0.30) 1 (0.30)
7 (2.13) 7 (2.13) 7 (2.13) 7 (2.13) 7 (2.13)
13 (3.96) 13 (3.96) 13 (3.96) 13 (3.96) 13 (3.96)
2 (0.61) 2 (0.61) 2 (0.61) 2 (0.61) 2 (0.61)
7 (2.13) 7 (2.13) 7 (2.13) 7 (2.13) 7 (2.13)
12 (3.66) 12 (3.66) 12 (3.66) 12 (3.66) 12 (3.66)
Offset, ft (m)
Alternatives
Length of Feature, ft (m)
Height, ft (m)
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8 DIRECT COSTS 
8.1 Required Fill Material for Slope Flattening 
Contractors bid on fill obligations by unit of volume, usually cubic yards. The 
volume of fill required to flatten a slope can be determined for each alternative. The total 
required volume can be estimated using a cross-section similar to the one shown in 
Figure 10, assuming the existing slope is a 2:1.  
 
Figure 10. Cross-Sectional Area Required to Flatten Slope on Rural Local Highway 
First, the cross-sectional area of the new slope can be determined assuming a right 
triangle was made and the face of the slope acted as the hypotenuse, as shown in Figure 
10. The area of the triangle labeled with a Roman numeral I can be determined assuming 
a constant slope of 2:1 for rural local highways and 3:1 for all other highway types. This 
area, AI, was subtracted from the total area, A, thus determining the required cross 
sectional area, AII, which can be used to determine the volume needed to flatten a slope. 
The volume was derived by Equations 5 through 16. 
ܣ ൌ ଵଶ ܾଶ݄           (5) 
ܾଶ ൌ ݄ ூܺூ           (6) 
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By substituting Equation 6 into Equation 5, the total cross-sectional area of the 
flattened slope could be determined. This result is shown as Equation 7 
ܣ ൌ ଵଶ ூܺூ݄ଶ          (7) 
Next, the cross-sectional area of the original slope was calculated. In terms of 
height and width, this area was given by Equation 8. 
ܣூ ൌ ଵଶ ܾଵ݄           (8) 
ܾଵ ൌ ݄ ூܺ           (9) 
By substituting Equation 9 into Equation 8, the cross-sectional area of the original 
slope could be determined in terms of the height of the slope. This cross-sectional area of 
the original slope is shown in Equation 10. 
ܣூ ൌ ଵଶ ூ݄ܺଶ          (10) 
Next, the cross-sectional area of the fill material needed to create the desired slope 
was determined in terms of the height and the flattened slope (1V:XH). This general 
equation is shown in Equation 11. 
ܣூூ ൌ ܣ െ ܣூ         (11) 
By substituting Equations 7 and 10 into Equation 11, the final required cross-
sectional area in terms of the height and the difference of the two slopes is shown in 
Equation 12. 
ܣூூ ൌ ଵଶ ݄ଶሺ ூܺூ െ ூܺሻ		 	       (12)	
The volume required to flatten the original slope to the desired slope is calculated 
by multiplying the length of the slope parallel to the roadway by the area calculated from 
Equation 12. This fill volume calculation is shown in Equation 13 in terms of the cross-
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sectional area and in Equation 14 in terms of the height and slope differences of the two 
slopes. 
௙ܸ௜௟௟ ൌ ܣூூ ൈ ݈          (13) 
௙ܸ௜௟௟ ൌ ଵଶ ݄ଶ݈ሺ ூܺூ െ ூܺሻ		       (14)	
The volume may need to be adjusted for bulking or shrinking. The shrinkage 
factor (ΔV/Vf) of soil is a function of the unit weight of the fill material and the cut 
material. 
∆௏
௏೑ ൌ ቂ
ሺఊഥ೏ሻ೑
ሺఊഥ೏ሻ೎ െ 1ቃ         (15) 
Where ሺ̅ߛௗሻ௙ is the average dry unit weight of fill, and ሺ̅ߛௗሻ௖ is the average dry 
unit weight of borrow. The volume of borrow required to satisfy the Vfill demand is 
always at least as much as the Vfill and is often more. The equation to calculate the total 
volume required from a borrow site is shown in Equation 16 
௕ܸ௢௥௥௢௪ ൌ ௙ܸ௜௟௟ ൬1 ൅ ∆௏௏೑൰         (16) 
In addition to the cost of materials, the cost of the right of way may need to be 
included. In some areas, this may be extremely expensive and force the engineer to 
abandon the idea of a flatter slope. 
8.2 Required Material for a Guardrail System 
Figure 11 illustrates the variables required to determine the guardrail length-of-
need. The tangent length of the barrier immediately upstream of the slope (L1) was 
assumed to be 25 ft (7.6 m). This assumption was based on sample designs found in the 
RDG [2]. The shy line was defined as the point from the edge of the travel way at which 
the motorist would not be inclined to reduce the speed or direction of the vehicle. For 55 
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mph (88.5 km/h), the shyline is located 7.2 ft (2.2 m) from the edge of the travel way [2]. 
Flared guardrail was used to limit the reaction of a motorist to the guardrail by starting it 
further away from the road than the straight segment of guardrail. In addition, the use of 
flared guardrail sections reduces the total length-of-need for the guardrail installation. For 
scenarios with a guardrail offset of 2 and 7 ft (0.6 and 2.1 m) along the straight segment 
(inside the shy line), a flare rate of 24:1 was used. Outside the shy line, a flare rate of 
16:1 was used. These flare rate recommendations were given in the Roadside Design 
Guide [2]. This is represented in Figure 11 as the section of guardrail not parallel to the 
roadway. To determine the total length of guardrail to be used in RSAP when the length 
of the terminal is 37.5 ft (11.4 m) and to determine the annual cost of installation, the 
following equations were used: 
ܮ ൌ 2 ∙ ሺݔ െ ܮଵ െ 37.5ሻ ൅ ݈		 		 	     (17)	
ݔ ൌ ሺு∙ௌሻାሺ௅భ∙ிሻ
ிା൬ಹ∙ೄశಽమಽೃ ൰
          (18) 
 
Where 
H ൌ Height	ሺftሻ	of	the	foreslope 
S ൌ Slope 
F ൌ Flare	rate ൌ b/a 
Lଵ ൌ 25	ft 
Lଶ ൌ Offset	ሺftሻ 
Lୖ ൌ Runout	length 
L ൌ Total	length	of	guardrail	required	ሺftሻ 
݈ ൌ Length	of	the	foreslope	ሺftሻ 
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Figure 11. Guardrail Layout Variables 
The runout length, LR, is the distance for a vehicle to come to a stop once it has 
left the roadway. From the RDG, it was determined to be 280 ft (85.3 m) for traffic 
volumes less than 800 vehicles per day (vpd), 315 ft (96.0 m) for traffic volumes between 
800 and 2,000 vpd, 345 ft (105.2 m) for traffic volumes between 2,000 and 6,000 vpd, 
and 360 ft (109.7 m) for traffic volumes greater than 6,000 vpd [2]. The run-out length 
was correlated to the traffic volume because the Hutchinson and Kennedy encroachment 
data was used to simulate encroachment events, and, in that study, the encroachment 
frequency was dependent on the traffic volume [12]. Based on the height and slope of the 
foreslope, the width of the base of the slope was calculated. Given these parameters, 
basic geometry derived from the plan view was used to determine the lateral offset from 
the edge of the travel way of each point of interest along the system. This included the 
beginning of the terminal, the beginning of the guardrail, the end of the first flared 
section of guardrail, the end of the straight segment of guardrail, and the beginning of the 
second terminal. These lateral offsets were entered into RSAP. 
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Terminals were placed at both ends of the guardrail. For a TL-3 condition, many 
terminals are 37.5 ft (11.4 m) long and 1.5 ft (0.5 m) wide, as suggested by the Roadside 
Design Guide [2]. 
8.3 Direct Costs 
The cost to install a new system or upgrade an existing one needs to be annualized 
for each alternative. The total cost per year takes into account the design life of the 
system as well as an interest rate. Equation 19 was used to determine the direct cost of 
each alternative, which can be used to determine the denominator of the B/C ratio. 
ܦܥ ൌ ܲ ∙ ቂ ௜ሺଵା௜ሻ೙ሺଵା௜ሻ೙ିଵቃ            (19) 
Where 
ܦܥ ൌ Annualized direct cost to install the system 
ܲ ൌ Total cost of material, labor, and right-of-way 
݅ ൌ Interest rate as a decimal 
݊ ൌ Design life (years)
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9 ACCIDENT COSTS 
9.1 Societal Costs 
Once the severity of an accident is determined, the cost of that accident can be 
calculated. The RSAP simulation determines the probability of an accident resulting in a 
certain injury level such as death or severe injury. For each level of injury, there is an 
associated cost.  
Accident cost figures can be found from multiple sources including the RDG and 
the FHWA. The FHWA gives a data set that includes a person’s willingness to pay to 
avoid injury or fatality. Therefore, it is strongly recommended that the FHWA’s 
comprehensive accident cost values be used. However, their values are based on the 
value of the US dollar in 1994. Those costs were then increased using the estimated 
Gross Domestic implicit price deflator for the year 2014.  Therefore, those values were 
adjusted for the year 2014 using Equation 20. These values are given in Table 14.  
ܣܿܿܥ݋ݏݐ ൌ ܲ ቂீ஽௉మబభరீ஽௉భవవరቃ                                          (20) 
Where the AccCost is the accident cost in 2014, P is the accident cost given by the 
FHWA in 1994, GDPi is the implicit price deflator for 1994 or 2014. 
Table 14. FHWA Comprehensive Accident Costs 
 
The accident types and associated costs given in Table 14 needed to be converted 
to an SI range from 0 to 10, with 10 being an absolutely fatal event. This was done by 
Accident Type Accident Costs ($) for 1994 Accident Costs ($) for 2009
Fatal 2,600,000$                           3,850,942$                           
Severe Injury 180,000$                              266,604$                              
Moderate Injury 36,000$                                53,321$                                
Minor Injury 19,000$                                28,142$                                
Property Damage Only 2,000$                                  2,962$                                  
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using the injury level percents shown in Table 2 and the costs given in Table 14. A 
weighted average method was used. For demonstration, the cost of a severity index 5 is 
calculated below. The results of this method for all SI’s are given in Table 15. For 
severities between whole numbers, the accident cost can be linearly interpolated from the 
table. 
ܣܿܿܥ݋ݏݐௌூୀହ ൌ ሺ0.0 ൈ 2,962ሻ ൅ ሺ0.15 ൈ 2,962ሻ ൅ ሺ0.22 ൈ 28,142ሻ ൅
ሺ0.45 ൈ 53,321ሻ ൅ ሺ0.10 ൈ 266,604ሻ ൅ ሺ0.08 ൈ 3,850,942ሻ ൌ $365,366  
Table 15. Cost of each SI 
 
So far, only the unadjusted accident cost has been determined for any SI. The 
actual accident cost was determined using adjustment factors for the encroachment speed 
and angle, vehicle orientation, vehicle type, and lane departure/encroachment direction. 
The adjusted accident cost was then multiplied by the probability of the vehicle 
encroaching through a given lateral offset. Finally, this analysis was repeated until the 
resulting average encroachment accident cost converged to within one percent. 
Severity 
Index (SI)
Accident    
Cost
0 -$            
0.5 2,962$         
1 5,958$         
2 12,027$       
3 63,215$       
4 155,252$     
5 365,366$     
6 771,996$     
7 1,253,067$  
8 2,008,711$  
9 2,939,928$  
10 3,850,942$  
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9.2 Accident Cost Equations Determined by RSAP 
For each considered scenario, there were several traffic volumes simulated to 
understand the effect of traffic volume on the accident cost. The relationship was 
approximately linear. For each functional class, a linear regression was conducted in 
which the regression line was forced through the origin (zero traffic equals zero accident 
cost). As a result, a simple y = bx equation could be generated for all scenarios, were y is 
the accident cost, b is the slope of the regression line, and x is the traffic volume (ADT). 
The slope, b, is given with each scenario in the Appendixes, and the equation used to 
determine b is given below as Equation 21. Using this slope, the accident cost can be 
calculated as a function of the ADT by using Equation 22. An example of how to use 
these tables is given in the following section. 
ܾ ൌ ∑௫೔௬೔∑௫೔మ                (21) 
ܣܿܿܥ݋ݏݐ ൌ ܾ ൈ ܣܦܶ         (22) 
Where xi is the ADT used in the study, and yi is the associated accident cost. For a 
demonstration of this equation’s validity, a plot of the accident cost verses ADT for a 2:1 
foreslope, rural local, straight, three percent grade, 1400-ft (426.7-m) long, 7-ft (2.1-m) 
high highway with an offset of 7 ft (2.1 m) was created from the accident cost data given 
in Table 16. The slope was calculated by dividing 11,220,313 (xy) by 1,330,625 (x2) 
resulting in a quotient of 8.432, as is given in Appendix B. The plot of the accident costs 
verses ADT and the regression line are shown in Figure 12. 
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Table 16. Accident Costs for a 2:1 Rural Local Highway 
 
ܾ ൌ ଵଵ,ଶଶ଴,ଷଵଷଵ,ଷଷ଴,଺ଶହ ൌ 8.432   
 
Figure 12. Accident Cost vs. ADT for a 2:1 Rural Local Highway 
9.3 Using the Benefit-Cost Analysis of Foreslopes Program  
9.3.1 Background 
Looking up values in the appendices of this report can be cumbersome and may 
lead to errors. In addition, the interpolation between accident costs, when needed, can 
exponentially complicate the determination of the accident cost. If none of the parameters 
i x (ADT) y 
(AccCost)
xy x2
1 50 455.2 22760 2500
2 75 672.03 50402.25 5625
3 100 903.81 90381 10000
4 250 2214.46 553615 62500
5 500 4292.41 2146205 250000
6 1000 8356.95 8356950 1000000
Sum: 11,220,313   1,330,625 
AccCost = 8.432x 
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(degree of curvature, grade, length, height, and offset) match the values used in the study, 
32 different accident costs would be required in order to completely interpolate between 
all of the known values and calculate one overall accident cost. Clearly, the need exists 
for a computer program that is capable of looking up the coefficient presented in this 
report and using it to calculate an accident cost, using interpolation where needed. In 
response to this need, Microsoft Excel was used to create the Benefit-Cost Analysis of 
Foreslopes Program (BCAFP), which contains a series of spreadsheets that allow the 
user to input the known values of the previously described parameters as well as a traffic 
volume and material cost. Other sheets were included that contained the calculations 
required for each functional class. One sheet contained the results for every scenario 
involving each functional class and design alternative, which are presented in this report 
in Appendix B through Appendix CC. 
9.3.2 Development of BCAFP 
The first spreadsheet in the Microsoft Excel file is reserved for user input and 
contains the design recommendation based on accident and direct costs. This sheet 
contains dropdown menus to select the functional class and the design alternatives. Then, 
the user is allowed to specify the degree of curvature, percent grade, as well as the length, 
height, and offset of the roadside feature. In addition, the user must input a traffic 
volume, ADT, in vehicles per day (vpd), as well as the design speed, minimum B/C ratio, 
the maximum required right-of-way, and the costs for the different materials used in the 
design alternatives. This sheet also warns the user of input errors, like when a 2:1 slope is 
used anywhere but on a rural local highway. It also warns the user when extrapolation is 
used to estimate accident cost, prompting the user to use engineering judgment as to 
whether or not to use the accident cost. In regards to the maximum required right-of-way, 
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the engineer may enter a value to override calculations based on the RDG. These 
calculated values account for the design speed, traffic volume, and slope steepness. For 
3:1 slopes, it was assumed that beyond the 3:1 slope was a recoverable slope between 5:1 
and 4:1, such that the required clear zone was the width of the new slope material plus the 
required clear zone of a recoverable slope. If the user input was less than the calculated 
value, the user input alone was used for all slope alternatives.  
The second sheet calculates the direct costs of each design alternative by 
estimating the volume of required fill material or the length of required guardrail. This 
was done by using Equations 14, 17, and 18. Then, the quantity of the material was 
multiplied by the specified unit cost, and each material cost was summed to determine a 
principal cost, from which the direct cost was calculated using Equation 19. The third 
sheet displays the accident costs for each design alternative as determined in the final 
seven sheets. The fourth sheet assembles a B/C ratio matrix by using Equation 36. This 
sheet also interprets the matrix and determines the best overall design alternative, 
according to the B/C ratios. 
The fifth sheet contains a combination of the results shown in Appendix B 
through Appendix CC. Each scenario was assigned an index number, which was later 
used to lookup values based on the input parameters. In total, there were 6,804 index 
values covering freeways, divided rural arterials, undivided rural arterials, rural locals, 
divided urban arterials, undivided urban arterials, and urban locals. Each of those 
functional classes could contain up to four slopes (2:1, 3:1, 4:1, and 6:1) and one 
guardrail system. 
The final seven sheets were created for calculation purposes, each one containing 
calculations pertinent to one of the seven functional classes mentioned in the preceding 
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paragraph. Each sheet imports data entered in the “BC Analysis” tab. Using these input 
parameters, the program determines the two standard values surrounding the user’s input 
value. Those standard values were those chosen for the RSAP simulation. These two 
values were designated as low (L) and high (H), relative to the input value. For example, 
if the user specifies a height of 4 ft (12 m), the low value programmed into RSAP was 1 
ft (0.3 m), and the high value was 7 ft (2.1 m). Once low and high values were 
determined for each input parameter, the pertinent coefficients for those low and high 
values were looked up from the “Coefficients” tab. Once the coefficients were 
determined, the program interpolated between the two values to determine the proper 
coefficient for the user’s input value. This interpolation process could become very 
complex. It was accomplished by first interpolating between offset values. The process 
continued next by interpolating between heights, lengths, grades, and finally degrees of 
curvature. The interpolation tree has been illustrated in Figure 13. This tree only shows 
half of the interpolation process. The top entry represents the low value of the degree of 
curvature. The other half of the tree would show the high value. The final coefficient was 
determined by interpolating between these two halves, using the input value for the 
degree of curvature. 
Finally, when a parameter’s value falls outside the range of used values, 
interpolation cannot be used. Instead, extrapolation beyond the last known point must be 
used. This was accomplished by using the slope between the closest two known 
parameters and applying this slope to the difference between the values of the out-of-
range and in-range parameters. 
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Figure 13. Interpolation Tree used in BCAFP 
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9.3.3 Using BCAFP 
On the “BC Analysis” tab, the user may select the functional class from a drop 
down menu. Then, the user must select a design alternative. The options include 
foreslopes of 2:1, 3:1, 4:1, and 6:1 in addition to a Guardrail option. According to the 
design standards referenced in NCHRP Report No. 638, 2:1 foreslopes are only used on 
rural local highways. Additionally, 6:1 foreslopes are not used on urban local highways. 
If the user attempts to use these two slopes with functional classes that violate the design 
standards, BCAFP displays a warning message next to the input parameter that reads 
“Cannot Use a 1V:XH Foreslope.” 
The remaining parameters are not selected from dropdown menus. Instead, the 
user is allowed to specify any input value, within limits that will be discussed in the next 
section, to any degree of precision. If the input value exceeds the upper value used in the 
study or is less than the lowest value, the cell next to the parameter will display a warning 
message that says, “Extrapolation Used.” The warning is intended to prompt the engineer 
to use judgment in determining if the accident cost is reasonable for the scenario. When 
the input value falls outside the range used in the study, interpolation cannot be done. As 
a result, extrapolation was used.  The final input value is the traffic volume (ADT). This 
number will be used in the accident cost equations outlined in Section 9.2.  
Once the input parameters are completed, BCAFP determines the coefficients that 
were determined by interpolation or extrapolation. The equations given in Section 9.2 
were used to calculate the accident cost. Finally, using the material costs, the direct costs 
were determined for each design alternative, and a B/C ratio was determined for each 
alternative comparison, resulting in a B/C ratio matrix. BCAFP then interoperates this 
matrix to recommend to most cost-effective design. 
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9.3.4 Limitations of BCAFP 
The coefficients used by BCAFP were determined as outlined in this report. That 
is, they were based on results from RSAP. RSAP itself has limitations ranging from the 
data it uses for encroachment frequency to programming errors. These limitations are 
highlighted in Chapter 12 and are detailed more explicitly in the draft interim report for 
NCHRP Project 22-27 [16]. 
The known values of the coefficients fall within a specified range of known input 
parameters. For example, the range of the length of the feature was 200 to 1,400 ft (61.0 
to 426.7 m). As a result, if the accident cost was required for a scenario that falls outside 
this range, extrapolation was required. However, this was less certain than interpolation 
results between known values. The engineer is encouraged to use judgment to determine 
if the accident costs determined by extrapolation are representative of the scenario. 
9.4 Accident Cost Trends for Each Parameter 
Several parameters contributed to the accident cost. Each contributed in different 
magnitudes. Some increased the accident cost while others decreased it. The parameters 
that were allowed to vary and that can be selected by the engineer were as follows: (1) 
design alternative; (2) traffic volume; (3) degree of curvature; (4) grade; (5) length of the 
feature; (6) height of the feature; and (7) offset of the feature from the edge of the travel 
way. To understand and demonstrate the effect of each of these parameters on the 
accident cost, bar graphs were created to show how the accident cost fluctuates when 
only one of the seven parameters is changed. In general, four cases were used to study 
each parameter. For example, the traffic volume, ADT, for a freeway varied from 10,000 
vpd (Case 1) to 100,000 vpd (Case 4). In this example, all other parameters used in Case 
4 were the same as used in Case 1 (e.g. Case 4 degree of curvature was 0 degrees when 
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examining ADT). The case descriptions for each functional class and each parameter are 
detailed in Table 17. 
For all functional classes, slope flattening and increasing the offset reduced the 
accident cost. As the degree of curvature and the percent grade increased, the accident 
cost remained steady until the increase became significant, like in Case 4. For this case, 
the accident cost for these two parameters was always higher than for zero degrees of 
curvature and zero percent grade. The height tended to increase the accident cost, but it 
was not usually a significant increase. For a freeway, the cost of Case 4 (13 ft high) was 
more than twice as much as Case 1 (1 ft high), but for an undivided rural arterial, the cost 
of Case 4 was only 12 percent higher than Case 1. Uniformly, an increase in traffic 
volume and feature length resulted in a significant increase in accident cost, as is 
intuitive.  
The most revealing trends of all the functional classes could be found in the 
alternatives. Naturally, the accident costs decreased as the slope was flattened. However, 
the largest decrease in cost was seen in changing from a 3:1 foreslope to a 4:1. For 
example, the accident cost was reduced by a factor of 10 on undivided rural arterial 
highways for a change from 3:1 to 4:1, but a change from 4:1 to 6:1 reduced the accident 
cost by a factor of only 2. In addition, it was shown that implementing guardrail (Case 4 
of the alternatives) was extremely more costly than using slope flattening. As a result, the 
engineer is encouraged to exhaust all possible slope flattening alternatives before 
considering the use of a guardrail system. The trends corresponding to the cases outlined 
in Table 17 are demonstrated graphically in Figure 14 through Figure 20. 
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Table 17. Trend Analysis Parameters and Their Values 
 
Alternative ADT 
(vpd)
Degree of 
Curvature
Grade 
(%)
Length, ft (m) Height, 
ft (m)
Offset, 
ft (m)
Case 1 3:1 10000 0 0 200 (61.0) 1 (0.3) 2 (0.6)
Case 2 4:1 40000 1 1 600 (182.9) 5 (1.5) 5 (1.5)
Case 3 6:1 70000 2 2 1000 (304.8) 9 (2.7) 9 (2.7)
Case 4 Guardrail 100000 3 3 1400 (426.7) 13 (4.0) 12 (3.7)
Alternative ADT 
(vpd)
Degree of 
Curvature
Grade 
(%)
Length (ft) Height 
(ft)
Offset 
(ft)
Case 1 3:1 1000 0 0 200 (61.0) 1 (0.3) 2 (0.6)
Case 2 4:1 10000 2 2 600 (182.9) 5 (1.5) 5 (1.5)
Case 3 6:1 20000 4 4 1000 (304.8) 9 (2.7) 9 (2.7)
Case 4 Guardrail 30000 6 6 1400 (426.7) 13 (4.0) 12 (3.7)
Alternative ADT 
(vpd)
Degree of 
Curvature
Grade 
(%)
Length (ft) Height 
(ft)
Offset 
(ft)
Case 1 3:1 50 0 0 200 (61.0) 1 (0.3) 2 (0.6)
Case 2 4:1 300 3 3 600 (182.9) 5 (1.5) 5 (1.5)
Case 3 6:1 700 5 5 1000 (304.8) 9 (2.7) 9 (2.7)
Case 4 Guardrail 1000 8 8 1400 (426.7) 13 (4.0) 12 (3.7)
Alternative ADT 
(vpd)
Degree of 
Curvature
Grade 
(%)
Length (ft) Height 
(ft)
Offset 
(ft)
Case 1 3:1 1000 0 0 200 (61.0) 1 (0.3) 2 (0.6)
Case 2 4:1 10000 3 2 600 (182.9) 5 (1.5) 5 (1.5)
Case 3 6:1 20000 5 4 1000 (304.8) 9 (2.7) 9 (2.7)
Case 4 Guardrail 30000 8 6 1400 (426.7) 13 (4.0) 12 (3.7)
Alternative ADT 
(vpd)
Degree of 
Curvature
Grade 
(%)
Length (ft) Height 
(ft)
Offset 
(ft)
Case 1 3:1 50 0 0 200 (61.0) 1 (0.3) 2 (0.6)
Case 2 4:1 300 2 4 600 (182.9) 5 (1.5) 5 (1.5)
Case 3 6:1 700 4 8 1000 (304.8) 9 (2.7) 9 (2.7)
Case 4 Guardrail 1000 6 12 1400 (426.7) 13 (4.0) 12 (3.7)
Freeway
Rural Arterial (Divided and Undivided)
Rural Local
Urban Arterial (Divided and Undivided)
Urban Local
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Figure 14. Accident Cost Trend of a Freeway 
 
Figure 15. Accident Cost Trend of an Undivided Rural Arterial 
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Figure 16. Accident Cost Trend of a Divided Rural Arterial 
 
Figure 17. Accident Cost Trend of a Rural Local Highway 
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Figure 18. Accident Cost Trend of an Undivided Urban Arterial 
 
Figure 19. Accident Cost Trend of a Divided Urban Arterial 
$0
$200
$400
$600
$800
$1,000
$1,200
$1,400
$1,600
$1,800
Case 1 Case 2 Case 3 Case 4
A
cc
id
en
t C
os
t
Accident Cost Trends: Undivided Urban Arterial
Alternative
ADT
Curvature
Grade
Length
Height
Offset
$0
$500
$1,000
$1,500
$2,000
$2,500
$3,000
$3,500
$4,000
Case 1 Case 2 Case 3 Case 4
A
cc
id
en
t C
os
t
Accident Cost Trends: Divided Urban Arterial
Alternative
ADT
Curvature
Grade
Length
Height
Offset
 
76 
 
 
Figure 20. Accident Cost Trend of an Urban Local Highway 
9.5 Determining an Accident Cost 
9.5.1 Example 1 – Rural Local 
Given: 
• 2:1 slope 
• ADT = 400 vpd 
• Degree of Curvature = 0 degrees 
• Grade = 4 percent 
• Length of Feature = 200 ft (61.0 m) 
• Height of Feature = 7 ft (2.1 m) 
• Offset of Feature from the Edge of the Traveled Way = 7 ft (2.1 m) 
From Appendix B (Accident Costs for a 2:1 Slope), b = 1.346. The accident cost, 
AccCost, is given by: 
ܣܿܿܥ݋ݏݐ ൌ ܾ ൈ ܣܦܶ ൌ 400 ൈ 1.346 ൌ $538.40	 
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From BCAFP, b = 1.346 and the accident cost was $538.44. The slight difference 
in the results was due to rounding errors. The Excel file carried out calculations without 
rounding until the final step, when the accident cost was calculated. To save space, the 
coefficients in the Appendixes were rounded to three decimal places. 
9.5.2 Example 2 – Freeway 
Given: 
• 4:1 slope 
• ADT = 63,000 vpd 
• Degree of Curvature = 2 degrees 
• Grade = 2 percent 
• Length of Feature = 400 ft (121.9 m) 
• Height of Feature = 6 ft (1.8 m) 
• Offset of Feature from the Edge of the Traveled Way = 12 ft (3.7 m) 
The height and the length of the feature cannot be directly read from the table. 
Therefore, linear interpolation between 1 and 7 ft (0.3 and 2.1 m) was required for the 
height, and between 200 and 800 ft (61.0 and 243.8 m) for the length. To do this, 
Appendix J was used. The b-coefficient of a 200-ft (61.0-m) long, 1-ft (0.3-m) high 
feature was 0.020 making the accident cost $1,260 per year. The b-coefficient of a 200-ft 
(61.0-m) long, 7-ft (2.1-m) high feature was 0.099 making the accident cost $6,237. The 
interpolation was done as follows: 
ܣܿܿܥ݋ݏݐ ൌ ൤൬6݂ݐ െ 1݂ݐ7݂ݐ െ 1݂ݐ൰ ൈ ሺ$6,237 െ $1,260ሻ൨ ൅ $1,260 ൌ $5,407.50 
Next, the process was repeated for an 800-ft (243.8-m) long feature at 1-ft (0.3-m) 
and 7-ft (2.1-m) high. The corresponding b-coefficients were 0.129 and 0.532, 
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respectively. From these coefficients, the accident costs were $8,127 and $33,516. The 
interpolation was done as follows: 
ܣܿܿܥ݋ݏݐ ൌ ൤൬6݂ݐ െ 1݂ݐ7݂ݐ െ 1݂ݐ൰ ൈ ሺ$33,516 െ $8,127ሻ൨ ൅ $8,127 ൌ $29,284.50 
Finally, the accident cost was determined by interpolating between the two 
preceding accident costs at a length of 400 ft (121.9 m). The calculation was done as 
follows: 
ܣܿܿܥ݋ݏݐ ൌ ൤൬400݂ݐ െ 200݂ݐ800݂ݐ െ 200݂ݐ൰ ൈ ሺ$29,284.50 െ $5,407.50ሻ൨ ൅ $5,407.50
ൌ $13,366.50 
From BCAFP, b = 0.212 and the accident cost was $13,351.04 per year.  
9.5.3 Example 3 – Rural Arterial  
Given: 
• Divided 
• 3:1 slope 
• ADT = 12,000 vpd 
• Degree of Curvature = 0 degrees 
• Grade = 6 percent 
• Length of Feature = 800 ft (243.8 m) 
• Height of Feature = 7 ft (2.1 m) 
• Offset of Feature from the Edge of the Traveled Way = 2 ft (0.6 m) 
The b coefficient was taken from Appendix E and was 1.133. No interpolation 
was required in this example. Equation 22 was used to calculate the accident cost. 
ܣܿܿܥ݋ݏݐ ൌ 12,000 ൈ 1.133 ൌ $13,596 
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From BCAFP, the coefficient was the same but carried out to a higher degree of 
precision, and the accident cost was $13,597.63 per year. Again, the slight difference in 
the results was due to rounding errors.  
9.5.4 Example 4 – Urban Local 
Given:  
• 3:1 slope 
• ADT = 300 vpd 
• Degree of Curvature = 3 degrees 
• Grade = 0 percent 
• Length of Feature = 1400 ft (426.7 m) 
• Height of Feature = 13 ft (4.0 m) 
• Offset of Feature from the Edge of the Traveled Way = 2 ft (0.6 m) 
The b-coefficient was taken from Appendix I. No interpolation was required in 
this example; therefore, the coefficient was b = 2.117. For urban local highways, 
Equation 22 was used to calculate the accident cost. 
ܣܿܿܥ݋ݏݐ ൌ 2.117 ൈ 300 ൌ $635.10 
From BCAFP, the b coefficient was the same but carried out to a higher degree of 
precision, and the accident cost was $635.14 per year. Again, the slight difference in the 
results was due to rounding errors.  
9.5.5 Example 5 – Urban Arterial Highway 
Given:  
• Undivided 
• Guardrail System 
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• ADT = 12,000 vpd 
• Degree of Curvature = 0 degrees 
• Grade = 3 percent 
• Length of Feature = 800 ft (243.8 m) 
• Height of Feature = 7 ft (2.1 m) 
• Offset of Feature from the Edge of the Traveled Way = 7 ft (2.1 m) 
The b-coefficient was taken from Appendix AA. No interpolation was required in 
this example; therefore, the coefficient was b = 1.213. Equation 22 was used to calculate 
the accident cost. 
ܣܿܿܥ݋ݏݐ ൌ 12,000 ൈ 1.213 ൌ $14,556 
From BCAFP, the coefficient was the same but carried out to a higher degree of 
precision, and the Accident Cost was $14,555.93 per year. Again, the slight difference in 
the results was due to rounding errors.  
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10 BENEFIT-COST RATIOS 
10.1 B/C Ratios Defined 
The incremental B/C ratio compares one alternative to another. Theoretically, a 
B/C ratio of 1 means that the cost to install a new design is approximately the same as the 
accident costs associated with the original design. It is usually recommended that a B/C 
ratio of at least 1.5 be used, but most state departments prefer nothing less than 2.0; 
therefore, the minimum B/C ratio that would suggest a beneficial design is 2.0. This ratio 
is obtained from the direct costs and accident costs of each alternative (see Chapters 8 
and 9). It is calculated using Equation 23 [6]. 
ܤ ܥ⁄ ଶିଵ ൌ ሺ஺஼భି஺஼మሻሺ஽஼మି஽஼భሻ			 	 	 	 	 	 	 	 (23)	
Where 
ܤ ܥ⁄ ଶିଵ ൌ Incremental B/C ratio of Alternative 2 compared to Alternative 1 
ܣܥଵ ൌ Annualized accident cost of Alternative 1 
ܣܥଶ ൌ Annualized accident cost of Alternative 2 
ܦܥଵ ൌ Annualized direct cost of Alternative 1 
ܦܥଶ ൌ Annualized direct cost of Alternative 2 
A B/C matrix compares the cost-effectiveness of each alternative under review to 
all the other alternatives, including the baseline alternative. A sample B/C matrix is given 
in Figure 21. In general, the alternatives were ordered from left to right and top to bottom 
based on the direct costs, with the least expensive (“do-nothing”) on the left and at the 
top. The last term in the top row, Guardrail, represented the alternative requiring a TL-3 
guardrail system be installed in front of the existing slope. To interpret the results, the 
engineer can start reading the table in the lower right corner. If this value was greater 
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than 2.0, then Guardrail was better than 6:1. Then, if the next value from the bottom in 
the last column is greater than 2.0, Guardrail was better than 4:1. This process was 
continued until either it was determined that Guardrail was better than all alternatives or 
it was determined that Guardrail was not as beneficial as an alternative. In the sample 
included, the B/C ratio comparing GR2 to 6:1 was -27.223 meaning that 6:1 was better 
than Guardrail. It should be noted that negative B/C ratios indicate that the alternative 
design actually increases the accident cost. From this point forward, the Guardrail option 
was no longer considered. Then, 6:1 was compared to 4:1 resulting in a B/C ratio of 
1.544. Although this is positive and greater than 1, it fails to meet the minimum B/C ratio 
of 2.0. The modification of the existing slope to 6:1 slope was not considered any further. 
Next, 4:1 was compared to 3:1, and the ratio was 5.636 which was larger than 2.0. As a 
result, the slope 3:1 was eliminated from further consideration. Finally, 4:1 was 
compared to 2:1, the “do-nothing” condition. The ratio was 7.916. For the condition 
given in the figure caption, the most cost-beneficial option was to install a 4:1 slope. This 
method allows the engineer to compare different design alternatives directly to one 
another rather than indirectly by comparing each alternative to the baseline alternative 
only. Although the 3:1 alternative appears to be the most beneficial, indirectly, it was 
shown that the 4:1 was the best overall selection because its accident cost reduction was 
larger relative to the accident cost reduction of the 3:1 slope. 
 
 
Figure 21. Rural Local, Straight, Flat, 200 ft Long, 1 ft High, 2 ft Offset, ADT = 1000 
1V:2H 1V:3H 1V:4H 1V:6H Guardrail
1V:2H 0 10.195 7.916 4.730 -4.618
1V:3H 0 5.636 2.908 -20.702
1V:4H 0 1.544 -24.210
1V:6H 0 -27.223
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An alternative method of interpretation would be to simply read the largest value 
from the top row and choose that alternative. In the example shown in Figure 21 that 
would be the 3:1 slope, with a B/C ratio of 10.195 compared to the “do-nothing” slope. 
Although the 3:1, 4:1, and the 6:1 slope alternatives are all beneficial relative to 
the baseline slope of 2:1, the best option is the 4:1 as determined by interpreting the full 
matrix. Whenever possible, as many alternatives as are feasible should be investigated 
and compared using the results of this report and contractor bids on materials and labor 
for the construction of the alternatives. This will ensure that the selected alternative 
provides the best balance between safety performance and cost. 
10.2 Example Calculation 
Determine the most cost-beneficial design alternative from slope flattening 
options and a guardrail option for a freeway with an existing slope of 3:1. 
Given: 
• Freeway 
• Design Speed = 55 mph (88.5 km/h) 
• Existing slope is a 3:1 
• ADT = 65,000 vpd 
• Degree of Curvature = 0 degrees 
• Grade = 2 percent 
• Length of Feature = 200 ft (61.0 m) 
• Height of Feature = 13 ft (4.0 m) 
• Offset of Feature from the Edge of the Traveled Way = 7 ft (2.1 m) 
• Assume no additional clear zone is needed for ROW 
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• Minimum B/C Ratio = 4.0 
Solution: 
Determine the direct costs as per Chapter 8. Assume the cost per cubic yard of fill 
is $30, and the cost of right-of-way (ROW) is $5 per square foot. To conduct an accurate 
benefit-cost analysis, these values would need to be determined for every scenario as the 
costs of fill and ROW vary across a wide range. Assume the shrinkage factor for the 
volume of borrow soil is zero. Using Equation 14, the required volume for slopes of 4:1 
and 6:1 were estimated.  
ଵܸ௏:ସு ൌ ଵଶ ݄ଶ݈ሺ ூܺூ െ ூܺሻ ൌ
ଵ
ଶ ሺ13݂ݐሻଶሺ200݂ݐሻሺ4 െ 3ሻ ൈ ቀ
ଵ	஼௒
ଶ଻	௙௧యቁ ൌ 625.93	ܥܻ  
ଵܸ௏:଺ு ൌ ଵଶ ݄ଶ݈ሺ ூܺூ െ ூܺሻ ൌ
ଵ
ଶ ሺ13݂ݐሻଶሺ200݂ݐሻሺ6 െ 3ሻ ൈ ቀ
ଵ	஼௒
ଶ଻	௙௧యቁ ൌ 1,877.78	ܥܻ  
The ROW area was determined using the width of the baseline foreslope and the 
alternative foreslope, which was a function of the slope and the height. The width was the 
height multiplied by the slope, where the slope was defined by the horizontal component. 
For example, the slope of a 4:1 foreslope is 4. In this example, the height was 13 ft (2.1 
m). Therefore, the widths of the two alternatives were 52 and 78 ft (15.8 and 23.8 m). 
The width of the baseline alternative was 39 ft (11.9 m). The net width of the required 
ROW was the difference between the width of the alternative slope and the baseline 
slope. The area was then determined by multiplying the net width by the length of the 
foreslope, or in this case, 200 ft (61.0 m).  
The direct cost of each alternative was calculated using Equation 19. The 
resulting volumes, square footages of ROW, and associated costs are given in Table 18. It 
should be noted that the direct cost of the baseline slope was $0.00. 
ܦܥଵ௏:ସு ൌ ܲ ∙ ቂ ௜ሺଵା௜ሻ
೙
ሺଵା௜ሻ೙ିଵቃ ൌ 148,777.78 ∙ ቂ
଴.଴ସሺଵା଴.଴ସሻమఱ
ሺଵା଴.଴ସሻమఱିଵ ቃ ൌ $9,521.78     
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ܦܥଵ௏:଺ு ൌ ܲ ∙ ቂ ௜ሺଵା௜ሻ
೙
ሺଵା௜ሻ೙ିଵቃ ൌ 446,333.33 ∙ ቂ
଴.଴ସሺଵା଴.଴ସሻమఱ
ሺଵା଴.଴ସሻమఱିଵ ቃ ൌ $28,565.33  
Table 18. Direct Cost Calculations 
 
 
Next, the accident costs associated with the given scenario for all three slopes 
must be determined. For the 3:1 slope, BCAFP calculates the accident cost to be 
$27,545.28. For the 4:1 slope, BCAFP calculates the accident cost to be $20,171.21 For 
the 6:1 slope, BCAFP calculates the accident cost to be $2,579.61. The B/C ratios were 
calculated using Equation 23.  
ܤ ܥ⁄ ସିଷ ൌ ሺଶ଻ହସହ.ଶ଼ିଶ଴ଵ଻ଵ.ଶଵሻሺଶ଴ଷଷ.଻଼ି଴ሻ ൌ 3.63  
ܤ ܥ⁄ ଺ିଷ ൌ ሺଶ଻ହସହ.ଶ଼ିଶହ଻ଽ.଺ଵሻሺ଺ଵ଴ଵ.ଷଷି଴ሻ ൌ 4.09   
ܤ ܥ⁄ ଺ିସ ൌ ሺଶ଴ଵ଻ଵ.ଶଵିଶହ଻ଽ.଺ଵሻሺ଺ଵ଴ଵ.ଷଷିଶ଴ଷଷ.଻଼ሻ ൌ 4.32   
Next, the accident cost and direct cost of the Guardrail option was determined. 
The total length of material of the guardrail can be estimated using the Roadside Design 
Guide or Section 8.2 of this report. The total length would be approximately 550 feet 
with two end terminals. The value was arrived at by using Equations 17 and 18. 
ܮ ൌ 2 ∙ ሺݔ െ ܮଵ െ 37.5ሻ ൅ ݈         (17) 
ݔ ൌ ሺு∙ௌሻାሺ௅భ∙ிሻ
ிା൬ಹ∙ೄశಽమಽೃ ൰
          (18) 
Slope Volume Fill Cost ROW area ROW Cost Total Cost Direct Cost
(1V:XH) (yard3) ($) (ft2) ($) ($) ($)
1V:4H 625.93 18777.78 2600 13000 31777.78 2033.78
1V:6H 1877.78 56333.33 7800 39000 95333.33 6101.33
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Where L1 was assumed to be 25 ft (7.6 m) and provided a buffer region between 
the end of the tangent section of guardrail and the beginning of the foreslope. The length, 
l, was 200 ft (61.0 m), or the length of the foreslope. The height, H, the foreslope, was 13 
ft (4.0 m). The slope, S, of the foreslope was 3. The flare rate, F, was the flare rate of the 
ends of the guardrail and the terminal. This value was chosen from the RDG to be 24:1 
and was because the shy line was 7.2 ft (2.2 m) for a 55-mph (88.5 km/h) design speed. 
This meant that the barrier would be located within the shy line. For use in Equation 18, 
F was converted to a decimal and was 0.04167 (1/24). The offset distance to the face of 
the guardrail, L2, was 7 ft (2.1 m). Finally, the runout length, LR, was determined by 
Table 5.8 in the 2006 RDG [2]. This value was 360 ft (109.7 m). It should be noted that 
the slope is protected from both directions equally, providing a conservative length-of-
need. 
ݔ ൌ ሺଵଷ∙ଷሻାሺଶହ∙଴.଴ସଵ଺଻ሻ଴.଴ସଵ଺଻ାቀభయ∙యశళయలబ ቁ
ൌ 236.31	݂ݐ  
ܮ ൌ 2 ∙ ሺ236.31 െ 25 െ 37.5ሻ ൅ 200 ൌ 547.61	݂ݐ ൌ 550	݂ݐ			 	
The cost per foot of guardrail was $15 per foot while the cost per terminal was 
$2,000 [30]. The total installation cost would be $12,250 but the direct cost (assuming 4 
percent interest and 25-year design life) would be $784.00 per year. For a guardrail 
system, BCAFP calculates the accident cost to be $781.86. This value includes the 
length-of-need of 550 ft (167.6 m) for the 200-ft (60.1 m) feature length; therefore, the 
accident cost is $118,499.43 per year.  
ܤ ܥ⁄ ீோିଷ ൌ ሺଶ଻ହସହ.ଶ଼ିଵଵ଼ସଽଽ.ସଷሻሺ଻଼ଵ.଼଺ሻ ൌ െ116.33   
Therefore, even though the installation cost of the Guardrail option was greatly 
reduced, the accident cost was higher than the original unprotected slope. This caused the 
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B/C ratio to be negative. In addition, the 4:1 and 6:1 slopes had large B/C ratios 
compared to the Guardrail option, making any one of the slope flattening options more 
cost-effective than the Guardrail option, in this example. The engineer would be justified 
in recommending that the existing slope be flattened to 6:1. This recommendation is 
illustrated by the tabulated B/C ratios shown in Figure 22. This figure was directly taken 
from BCAFP, in which a fifth alternative, “None,” is a placeholder in the event that a 
fifth alternative is used. Because the 6:1 to 4:1 ratio is 8.71, the 4:1 slope would be 
dropped from further consideration. Then, because the 6:1 to Guardrail ratio is 26.98, the 
Guardrail option would also be dropped from further consideration. Finally, because the 
6:1 to 3:1 (baseline) ratio is 4.92, the 6:1 slope would be recommended (i.e., B/C ≥ 4.0).  
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Figure 22. BCAFP "BC Analysis" Sheet 
Input Values
Baseline 
Alternative
Offset, o  (ft) 7
ADT (vpd) 65000
Design Speed 
(mph)
55
Number of 
Terminals
2
Minimum BC 
Ratio
4.0
Functional 
Class
Maximum 
Required ROW 
(ft2)
10000
Degree of 
Curvature
Cost of Fill 
($/CY)
30
Grade (%)
Cost of ROW 
($/sq. ft)
5
Length of 
Feature, l  (ft)
Cost of 
Guardrail ($/ft)
15
Height, h  (ft)
Cost of 
Terminal
2000
Design 
Alternative
Direct Cost Accident Cost
1V:3H -$           27,545.28$       
Guardrail 781.86$      118,499.43$     
1V:4H 3,058.35$   20,171.21$       
1V:6H 5,078.28$   2,579.61$        
None -$           -$                
1V:3H Guardrail 1V:4H 1V:6H None
1V:3H 0 -116.33 2.41 4.92 -1000000.00
Guardrail 0 43.19 26.98 -1000000.00
1V:4H 0 8.71 -1000000.00
1V:6H 0 -1000000.00
None 0
1V:6HDesign Recommendation:
Benefit-Cost Analysis of Foreslopes Program
13
200
2
0
Other 
Alternatives
B/C Ratio Matrix
Freeway
None
Guardrail
1V:6H
1V:4H
1V:3H
Cost Summary
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11 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
11.1 Summary 
Based on accident data collected in 2000 in the State of Ohio, the severity indexes 
on selected foreslopes were estimated. This was done by associating the number of 
(K+A) accidents with the total mileage for each slope-height combination. In each 
combination, the severity index was reduced, relative to Wolford’s results and the default 
results in RSAP (version 2003.04.01). This was shown graphically for an embankment 
height of 7 ft (2.1 m) in Figures 6 and 7. This reduction was expected based on comments 
made in the RSAP Engineer’s Manual that stated severity indexes were likely biased 
towards higher-speed impacts.  
Once the new severity indexes for foreslopes were determined, they were 
implemented into RSAP and used in the simulation of the extensive test matrix. Each 
scenario in the test matrix was repeated for several traffic volumes. For each scenario and 
traffic volume, RSAP estimated an accident cost. From these accident costs, equations 
were developed to determine linear relationships between the volumes and the accident 
costs. These equations were described by a series of coefficients and were in the slope-
intercept form. For each scenario, these coefficients are presented in the attached 
appendices. Based on the functional class and the traffic volume, an applicable equation 
could be chosen from Section 9.2. With the coefficients and the traffic volume, the 
accident cost for any scenario can be calculated. In addition, a Microsoft Excel program 
known as BCAFP was developed to automatically lookup those coefficients and 
interpolate or extrapolate when needed. This program greatly reduced the time and effort 
needed to determined the accident costs and B/C ratios, and it removed the possibility of 
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human error in both looking up values and in making calculation mistakes during 
interpolation or extrapolation.  
Finally, the benefit-cost application of these accident costs was described. The 
difference in accident costs between two competing alternatives represents the numerator 
of the B/C ratio, which can be used to justify the use of one design alternative over 
another. In order to successfully complete the benefit-cost analysis, the engineer must 
ascertain the material costs of each alternative under consideration in order to construct 
the denominator of the B/C ratio. An example of this process was given in Section 10.2. 
11.2 Conclusions 
Severity indexes used in the default version of RSAP were overestimated. This 
report has presented new severity indexes and used them to determined accident costs on 
an array of different foreslopes. Once the results of the RSAP analysis were available, 
trends appeared in each of the parameters and for each of the functional classes. 
Flattening the slope and increasing the offset decreased the accident costs for all 
functional classes. Likewise, increasing the traffic volume and length of the feature 
increased the accident costs for all functional classes. The degree of curvature and the 
percent grade caused initial decreases in accident costs (however slight they were), but 
then increased accident costs as those parameters continued to increase. As the height of 
the feature increased, the accident cost tended to increase as well. However, this increase 
was not as significant as the increase caused by the traffic volume and the length of the 
feature. Finally, and of most importance, slope flattening dramatically reduced accident 
costs. On short embankment heights, the largest decrease in accident costs on adjacent 
slopes occurred when a 3:1 foreslope was flattened to a 4:1 foreslope, which reduced the 
accident cost by approximately 80 percent, but when the slope was flattened from a 4:1 
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foreslope to a 6:1 foreslope, the reduction was approximately 50 percent. On medium and 
tall heights, that trend was exactly reversed. Therefore, the increased severity on steep, 
tall embankments may warrant slope flattening beyond 4:1. Additionally, no matter what 
functional class was considered, flattening to a 6:1 slope provided the largest overall 
reduction in accident costs. This does not necessarily mean that the 6:1 slope was the best 
alternative, as direct costs need to be included in the analysis before the best alternative 
can be chosen. 
Finally, as illustrated in the decision tree in Figure 9, guardrail systems should 
only be considered after all possible slope flattening alternatives have been explored. The 
trends in Figure 14 through Figure 20 show an extreme increase in accident cost for the 
guardrail system relative to the foreslopes. Guardrail systems may only be applicable in 
areas where slope flattening cannot be accomplished, either because of urban settings or 
because of some other limiting factor.  
11.3 Recommendations for Application 
The severity index is directly proportional to the impact speed. As a result, the 
severity indexes were determined for several impact speeds such that a linear equation 
could be developed from the results. For each slope-height combination, the linear 
equation is presented in Table 19. In the equations, SI represents the severity index and v 
represents the impact speed in terms of miles per hour (mph). These severity index 
equations should be used when estimating accident costs of crashes involving clear 
foreslopes. 
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Table 19. Severity Index Equations Based on Impact Speed 
 
11.4 Recommendations for Future Work 
There is significant room for improvement beyond this report. A larger sample 
size would provide more consistent results for both the 6:1 slope and the tall heights for 
all slopes. It would also lend more credibility to the results of the remaining slopes and 
heights. Also, traffic volumes could be included in the analysis to negate the influence of 
increased exposure on some highways. With larger volumes, the number of (K+A) 
accidents would increase over the same length of highway, which in turn would increase 
the average severity. The same procedure outlined in this report would be used on slope-
height-volume combinations. Then, each volume would be normalized about some 
constant traffic volume, which could be programmed into RSAP. The final result would 
give the number of (K+A) accidents per mile per unit of traffic volume. 
A more detailed investigation into the effects of barrier warrants on the number of 
(K+A) accidents for steep, tall embankments needs to be conducted. The work done in 
this thesis was partially based on an extrapolation done to estimate the number of (K+A) 
accidents on tall embankments, especially for the 2:1 foreslope. If barrier warrants 
investigation can successfully estimate the number of miles of unprotected, steep, tall 
Slope-Height 
Combination
SI Equation
6:1, H ≥ 1 ft (0.3 m) SI = 0.0181 · v
4:1, H = 1 ft (0.3 m) SI = 0.0186 · v
4:1, H ≥ 7 ft (2.1 m) SI = 0.0366 · v
3:1, H = 1 ft (0.3 m) SI = 0.0360 · v
3:1, H = 7 ft (2.1 m) SI = 0.0400 · v
3:1, H = 13 ft (4.0 m) SI = 0.0429 · v
2:1, H = 1 ft (0.3 m) SI = 0.0415 · v
2:1, H = 7 ft (2.1 m) SI = 0.0458 · v
2:1, H = 13 ft (4.0 m) SI = 0.0486 · v
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embankments, then the number of (K+A) accidents per mile of that foreslope would 
actually be indicative of the severity. 
Additionally, the current version of RSAP assumes a straight-line encroachment 
path. As a result, the driver behavior is not considered. Drivers are more likely to attempt 
a corrective maneuver when the vehicle is encroaching on a foreslope than they are to 
continue in a straight line. This corrective maneuver would increase the propensity for 
rollover; however, RSAP does not incorporate rollover into the calculation of the average 
severity index of a foreslope. It was assumed that the effect of rollover on the average 
accident cost was offset by increasing the SI, but this increase was not based on any data 
pertaining to accident costs of rollovers, but rather engineering judgment. RSAP is 
currently being updated under NCHRP Project No. 22-27 and will include curvi-linear 
encroachment paths [16]. Once this update is complete, the number of (K+A) accidents 
can be recalibrated against the accident data to estimate severity indexes that are based on 
encroachments that are allowed to follow more natural paths. 
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12 LIMITATIONS 
12.1 Severity Index Updates 
Results of this analysis were highly dependent on the severity index used to 
estimate the accident cost of each scenario. Therefore, part of this study focused on 
developing more accurate severity indexes on foreslopes. This part provided the major 
limitations to this study. 
The number of (K+A) accidents can be significantly influenced by the traffic 
volume. The average severity is determined only after all possible scenarios have been 
simulated. That is, the damage caused by the severe accidents was divided by the total 
number of impacts to calculate an average severity for all impacts. If the traffic volume 
increases, the probability of severe accidents increases, which ultimately would increase 
the severity index. This is because the severity index is non-linear with its associated 
societal costs. The more severe accidents have a larger influence than the less severe 
accidents. So, even if the difference in the number of severe and non-severe accidents 
does not change, the severity index will either increase or decrease, depending on how 
the traffic volume changes. However, this could not be accounted for in this project 
because the traffic volume at the accident locations and at the random sample locations 
was unknown. If the traffic volume was known over the entire highway network (e.g. at 
every 100-ft (30.5-m) interval), then slope-height-volume combinations could be 
constructed and the mileage for each one could be determined. As before, the number of 
(K+A) accidents would be counted for each combination. Then, the results would be 
normalized with respect to a unit of traffic volume, say 10,000 vehicles per day. This 
traffic volume would be entered into RSAP much in the same way as the length of the 
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feature was entered (recall the length was set to 1 mile so that the number of (K+A) 
accidents was already given in a per-mile format). 
Another limitation to this work is the small sample size used to develop the new 
severity indexes. Only 1,296 accidents were analyzed, which was small compared to 
Wolford’s work, which included more than 20,000 accidents. Also, only one year was 
used in the data collection. It was the first year of data supplied by Ohio. In addition to 
that year (2000), data for every year through 2006 was supplied, but time restraints 
prevented the complete analysis of all this data. Also, the number of accidents from the 
year 2000 was significantly smaller than in each subsequent year. This may be due to a 
new data entry system or some change in policy regarding accident reports, however, this 
is not known. 
A limitation related to the small sample size was in the determination of the 
expected number of (K+A) accidents on a 6:1 slope. No severe accidents occurred on 
heights less than 13 ft (4.0 m). Because the expected number of severe accidents for the 
other slopes was determined by the short and medium heights, the number of expected 
severe accidents on a 6:1 slope was set to zero. However, there were severe accidents on 
6:1 slopes, according to the actual accident data. As a result, the SI values of this slope 
should be higher than what are presented in this paper. With the addition or more data, 
this conclusion should be supported and this limitation should be eliminated. 
Impact speed also plays a pivotal role in the determination of the SI value for a 
given roadside feature. However, the accident data set could not include exact impact 
speeds. Only estimations were given and were most likely based on human judgment. 
The average impact speed from the accident data was 53.9 mph (86.7 km/h). Based on 
research done at the Midwest Roadside Safety Facility, the average impact speed on a US 
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and State route is approximately 39 mph (62.8 km/h). As a result, the impact velocities 
given in the accident data was too high and unusable. If actual impact speeds were 
known, the relationship between the impact speed and the SI could be checked. Initially, 
this relationship was assumed to be linear. However, there may be reason to suspect that 
this relationship is more parabolic, considering the relationship between kinetic energy 
and velocity, which is commonly used to describe severities of impacts with barriers. 
12.2 RSAP Programming For the Current Version (2003.04.01) 
12.2.1 Conceptual Limitations 
Encroachment paths are assumed to be linear in the current version of RSAP. This 
disallows the possibility of overcorrection as the motorists reacts to the unexpected 
encroachment. An overcorrection could potentially increase the rate of rollover on 
foreslopes substantially, which in turn, would increase severity indexes. Work is being 
done on a new version of RSAP that uses set vehicular encroachment paths, which 
include curved paths, as opposed to straight-line paths whose angles are determined by 
Monte Carlo simulation [16]. This may increase the accuracy associated with foreslopes 
as they are related to rollover incidents. RSAP currently employs a rollover prediction 
algorithm that is applied to fixed objects only. However, as much as 86 percent of all 
rollovers occur on roadside features that do not include these objects [15]. Instead, RSAP 
attempts to account for these rollovers by increasing severity indexes for the associated 
feature, such as a foreslope [6]. 
RSAP uses speed distributions for various functional classes that were based on a 
study done before the national speed limit was lifted [33]. In order to predict 
encroachment speeds indicative of today’s traffic, a new study should be undertaken 
 
97 
 
following the same procedures used by Mak, Sicking, and Ross to determine speed 
distributions without the influence of the national speed limit. 
Cross-median crashes are not simulated explicitly. This approach may have a 
profound effect on the results of a B/C analysis because these crashes are typically 
severe. If a vehicle has encroached that far, a possible reason may be that the driver is 
already unconscious (for example). In this event, the impact speed and angle may also be 
severe. Striking a fixed object under these conditions could be worse than a typical 
impact with a fixed object, provided the driver has time to break in the latter event before 
striking the object. Also, head-on collisions are completely ignored because RSAP 
assumes one vehicle at a time per simulation. Obviously the benefit of a median barrier 
would be greatly underestimated if one of these head-on collisions were possible. 
Finally, access density is not considered in RSAP. These access points would 
include on and off ramps on interstates. It is these locations that experience the greatest 
crash frequency. This increased frequency is in part due to the changes in driver 
interactions, as vehicles are added to or removed from the roadway (recall that only one 
vehicle is simulated).  
12.2.2 Cooper Data 
Cooper used a statistical design that was dependent on the outcome. In other 
words, bias was introduced into the data set. This had the tendency to inflate extreme 
events (e.g. high and low encroachment rates were made higher and lower). However, the 
extent of this bias was and remains unknown. 
The results of Cooper’s data showed a similar relationship between ADT and 
encroachment frequency as Hutchinson and Kennedy’s data showed. However, the latter 
study’s encroachment rate was shown to be influenced by seasonal effects more than the 
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traffic volume [13]. This reanalysis of the classic study had not been performed on the 
Cooper data yet but needs to be done to determine if traffic volume alone can be used to 
describe the encroachment frequency. 
Also, the data was collected in the late 1970s. Technological and mathematical 
breakthroughs had not yet been achieved that would have allowed the author to collect 
and analyze the data in a better way. With a wider network of traffic cameras, perhaps 
more encroachment data could have been taken. Also, at the time of the report, Cooper’s 
statistical approach was based on the relatively new concept of clustering. It was this 
approach that ultimately led to the bias previously mentioned. Today’s clustering 
approach is used in studies like the Census, in which statistical tools have been developed 
that can handle clustered data.  
No distinction was made in the data set between controlled and uncontrolled 
encroachments. This distinction could not be made either, because the intent of the driver 
was impossible to determine. Controlled encroachments could include pulling over to 
switch drivers, among many other possibilities. Attempts have been made to estimate the 
number of controlled verses uncontrolled accidents for various roadside features, but 
applying this ratio to the Cooper data, as RSAP does, needs investigated further. 
Unfortunately, due to the enormous cost that would be associated with a study to 
ascertain the intent behind each encroachment, the current practice utilized by RSAP will 
have to suffice. 
Finally, the small sample size of the Cooper data was a concern. The intent of that 
study was to increase the sample size by creating smaller segments of the highway. 
However, this also reduced the number of encroachments per segment, which statistically 
did nothing to improve the results of the analysis. Only when additional segments are 
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studied and/or the time included in the data collection is extended will the sample size be 
increased, which can only lend stability to the statistical results. 
12.2.3 Discrepancies, Bugs, and Errors 
Since the completion of the RSAP code, several problems have been discovered. 
Because the code is very large, it remains possible that more problems exist. Currently 
known problems include discrepancies between what is coded and what is mentioned in 
the Engineer’s Manual, bugs, and errors. Bugs are caused by programming errors relative 
to the language used. Errors are mistakes in the code that lead to incorrect results. All 
three of these problems have been found in the current code. In an ongoing project 
intended to update RSAP, Dr. Malcolm Ray and his research team have discovered many 
of these errors. They are outlined in the draft report of that project (NCHRP Project 22-
27) [16]. The problems are only listed here. For a more detailed description of the 
problems, see the draft report of NCHRP Project 22-27. 
12.2.3.1 Discrepancies 
• Base encroachment rates for two-lane undivided and multi-lane divided highways 
do not have the same adjustment factor in the code as are presented in the 
Engineer’s Manual. 
• Lane encroachment rates are equal for all lanes despite unequal traffic volume 
distributions, which should indicate differing encroachment rates as demonstrated 
by the Cooper data. 
• The probability of the lateral extent of encroachment uses a cubic function instead 
of the correct exponential function. As a result, the probability may be negative 
for extents greater than 22 m. These negative probabilities are then forced to zero; 
however, the exponential function would indicate a positive probability. 
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• The traffic growth factor in the code increases the ADT each year and adjusts the 
encroachment frequency accordingly. The Engineer’s Manual says it increases in 
only one increment, at the time of the design life. In this discrepancy alone, the 
code appears to be more accurate than the Engineer’s Manual. 
12.2.3.2 Bugs or Errors 
• Base encroachment rates are not reduced to 60 percent for the effect of unreported 
accidents on two-lane undivided and one-way highways. 
• The traffic growth factor is divided by 100 to get a decimal form of the 
percentage. It is then divided by 100 again by mistake when determining the 
encroachment frequency. 
• Highway types are distinguished between undivided, divided, and one-way 
highways; however, RSAP appears to change how these categories are referenced. 
It is possible that the highway type is incorrectly chosen. 
• Curvature adjustments in the vehicle swath equations convert the degrees to a 
radius in units of 100-ft stations; however, that radius is used as if it were in units 
of 100-m stations. This problem is only applicable to the user interface. If the 
radius of curvature is specified in the data files, the conversion from radius to 
degree is correct. The original code was in US units but was converted to SI units. 
Due to the large size of the code, it is possible that more unit conversion errors 
exist. 
• Lane encroachment rates are approximately half of what they should be for two-
lane undivided highways. 
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13 NOTATION 
 
*All notations are given in alphabetical order. 
#K+A = Number of fatal and severe injury accidents 
1V:XH = Slope designation describing a foreslope 
A = Area of the cross-section of the new slope 
A = Severe injury 
AC = Annualized accident cost 
AccCost = Accident cost 
ADT = Traffic volume in vehicles per day (vpd) 
AI = Area of the cross-section of the minimum slope 
AII = Area of the cross-section of the new minus the original slope 
B = Moderate injury 
b = Slope of the equation to determine AccCost for freeways and local highways as well 
as arterials with small ADTs 
B/C2-1 = Incremental benefit/cost ratio of alternative 2 compared to alternative 1 
b1 = Base of the cross-sectional area of the minimum slope 
b2 = Base of the cross-sectional area of the new slope 
C = Slight injury 
c = Slope of the equation to determine AccCost for large traffic volumes on rural arterial 
highways and intermediate traffic volumes on urban arterial highways 
d = Y-axis intercept of the equation to determine AccCost for large traffic volumes on 
rural arterial highways and intermediate traffic volumes on urban arterial 
highways 
DC = Annualized direct cost 
e = Slope of the equation to determine AccCost for large traffic volumes on urban arterial 
highways 
F = Flare rate of the guardrail 
f = Y-axis intercept of the equation to determine AccCost for large traffic volumes on 
urban arterial highways 
h = Height of the foreslope 
H = Height of the foreslope 
i = Interest rate 
K = Fatality 
l = Length of the foreslope 
L = Total length of guardrail required 
L1 = Buffer length of guardrail = 25 ft (7.6 m) 
L2 = Offset of the guardrail 
LR = Runout length 
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n = Design life 
O = Property damage only (PDO) 
P = Principal investment required for construction 
S = Horizontal component of the foreslope designation (S = X in the form 1V:XH) 
SI = Severity index 
t = Time between Consumer Price Index readings, 1994 to 2009 = 15 years 
Vborrow = Volume of borrowed soil required to meet Vfill demand 
Vfill = Volume of fill required to flatten the slope 
x = Length of guardrail required beyond the 25-ft (7.6-m) buffer 
XI = Slope of the baseline foreslope (1V:XIH) 
XII = Slope of the baseline foreslope (1V:XIIH) 
φ2 = Accident rate equation for 2:1 slopes 
φ3 = Accident rate equation for 3:1 slopes 
φ4 = Accident rate equation for 4:1 slopes 
ሺ̅ߛௗሻ௖ = Average dry unit weight of borrow soil ሺ̅ߛௗሻ௙ = Average dry unit weight of fill soil 
∆௏
௏೑ = Shrinkage factor applied to borrow soil 
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Appendix A. Roadway Description Inventory Example 
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Appendix B. 2:1 Rural Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.983
7 0.639
12 0.456
2 1.515
7 1.095
12 0.780
2 2.044
7 1.362
12 0.993
2 3.471
7 2.586
12 1.781
2 5.342
7 3.786
12 2.727
2 6.698
7 4.835
12 3.457
2 6.166
7 4.386
12 3.115
2 9.212
7 6.654
12 4.806
2 11.453
7 8.203
12 6.000
2 1.220
7 0.820
12 0.560
2 1.988
7 1.346
12 0.941
2 2.475
7 1.704
12 1.240
2 4.329
7 3.145
12 2.224
2 6.664
7 4.781
12 3.416
0
4
7
200
1
7
13
1
800
13
200
800
1
7
13
1400
1
7
13
0
7
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.306
7 6.252
12 4.251
2 7.637
7 5.506
12 3.955
2 11.367
7 8.432
12 5.892
2 14.128
7 10.339
12 7.324
2 1.429
7 1.043
12 0.681
2 2.346
7 1.664
12 1.149
2 3.144
7 2.083
12 1.486
2 5.321
7 3.806
12 2.642
2 7.819
7 5.698
12 4.179
2 10.123
7 7.354
12 5.124
2 9.002
7 6.705
12 4.695
2 13.698
7 9.904
12 7.246
2 17.023
7 12.542
12 9.021
2 1.892
7 1.303
12 0.828
800
4
8
0
20004
1400
1
7
1
13
13
13
7
1
13
71400
200
800
1400
1
13
7
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 2.882
7 1.981
12 1.319
2 3.507
7 2.405
12 1.621
2 7.180
7 5.254
12 3.714
2 10.902
7 7.843
12 5.630
2 13.886
7 9.991
12 6.959
2 12.344
7 8.884
12 6.397
2 18.405
7 13.385
12 9.410
2 23.044
7 16.403
12 11.652
2 2.305
7 1.543
12 1.049
2 3.419
7 2.555
12 1.653
2 4.442
7 3.045
12 2.007
2 9.023
7 6.578
12 4.676
2 13.794
7 9.918
12 7.001
2 16.833
7 12.079
12 8.508
13
1
7
13
800
200
4
4
1400
7
1
13
7
1
13
7
1
13
7
800
0
200
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 15.646
7 11.277
12 7.988
2 22.983
7 16.771
12 11.885
2 28.815
7 21.200
12 14.641
2 2.790
7 1.894
12 1.251
2 4.413
7 3.051
12 1.964
2 5.396
7 3.659
12 2.567
2 10.979
7 7.929
12 5.547
2 16.282
7 11.798
12 8.375
2 20.268
7 14.621
12 10.043
2 18.569
7 13.368
12 9.616
2 27.946
7 20.218
12 14.180
2 34.563
7 25.195
12 17.919
2 2.822
7 1.788
12 1.116
2 3.957
7 2.723
12 1.662
4
4
20008
1
7
1
7
13
14008
13
800
8
1
7
13
1
7
13
1
7
200
1400
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 5.048
7 3.200
12 2.109
2 9.589
7 6.969
12 4.950
2 14.419
7 10.483
12 7.254
2 17.905
7 12.886
12 8.971
2 15.397
7 11.089
12 7.853
2 23.008
7 16.720
12 11.724
2 28.764
7 20.662
12 14.382
1 2 3.424
7 2.173
12 1.330
2 5.089
7 3.304
12 2.084
2 6.530
7 4.244
12 2.743
2 12.180
7 8.277
12 5.956
2 17.923
7 12.984
12 9.096
2 22.292
7 15.661
12 10.807
2 19.350
7 14.128
12 9.893
200
200
1400
4
0
8
1
13
7
1
13
7
1
800
1400
800 7
13
1
7
13
13
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 28.544
7 20.985
12 14.841
2 35.638
7 25.743
12 18.474
2 3.208
7 2.306
12 1.397
2 5.026
7 3.366
12 2.174
2 6.083
7 4.067
12 2.554
2 12.029
7 8.712
12 6.023
2 17.765
7 12.897
12 8.811
2 22.891
7 15.759
12 11.400
2 19.563
7 13.908
12 10.037
2 28.747
7 21.591
12 14.725
2 35.396
7 26.410
12 17.905
1400
7
13
1
7
13
8008
13
7
1
7
13
1
200
14004
8
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Appendix C. 3:1 Freeway Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.223
7 0.167
12 0.135
2 0.374
7 0.293
12 0.205
2 0.524
7 0.429
12 0.355
2 0.855
7 0.686
12 0.544
2 1.234
7 0.978
12 0.751
2 1.606
7 1.274
12 1.055
2 1.502
7 1.192
12 0.975
2 2.103
7 1.674
12 1.353
2 2.735
7 2.186
12 1.785
2 0.231
7 0.173
12 0.138
2 0.384
7 0.294
12 0.219
2 0.549
7 0.424
12 0.354
2 0.866
7 0.672
12 0.548
2 1.226
7 0.983
12 0.761
7
2
200
1
7
13
800
1
1400
1
7
13
1
7
13
0
0
200
1
7
13
800
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.633
7 1.279
12 1.067
2 1.521
7 1.171
12 0.972
2 2.107
7 1.659
12 1.357
2 2.660
7 2.176
12 1.771
2 0.246
7 0.192
12 0.154
2 0.419
7 0.321
12 0.243
2 0.598
7 0.498
12 0.411
2 0.968
7 0.790
12 0.613
2 1.387
7 1.086
12 0.848
2 1.872
7 1.436
12 1.188
2 1.688
7 1.333
12 1.097
2 2.368
7 1.891
12 1.520
2 3.028
7 2.446
12 1.993
2 0.161
7 0.101
12 0.072
13
2 0 200 1
7
13
1400
1
7
3
200
1
7
13
800
1
1
7
13
0
2
800 13
1400
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.210
7 0.142
12 0.096
2 0.277
7 0.197
12 0.152
2 0.713
7 0.537
12 0.427
2 0.940
7 0.761
12 0.608
2 1.220
7 0.948
12 0.745
2 1.247
7 0.955
12 0.768
2 1.680
7 1.336
12 1.032
2 2.156
7 1.686
12 1.357
2 0.161
7 0.099
12 0.068
2 0.219
7 0.149
12 0.104
2 0.296
7 0.212
12 0.148
2 0.717
7 0.549
12 0.427
2 0.969
7 0.732
12 0.595
2 1.256
7 0.937
12 0.755
7
13
2
200
1
7
13
800
1
1400
1
7
13
7
13
800
1
7
13
2
0
200
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.246
7 0.957
12 0.763
2 1.670
7 1.315
12 1.079
2 2.122
7 1.681
12 1.345
2 0.177
7 0.115
12 0.075
2 0.243
7 0.159
12 0.108
2 0.313
7 0.230
12 0.170
2 0.807
7 0.603
12 0.488
2 1.081
7 0.839
12 0.654
2 1.416
7 1.048
12 0.878
2 1.398
7 1.073
12 0.886
2 1.874
7 1.445
12 1.168
2 2.426
7 1.871
12 1.527
2 0.178
7 0.113
12 0.076
2 0.235
7 0.148
12 0.100
3 0 200
1
7
1400
1
7
13
13
800
1
7
13
7
13
3
200
1
7
2
2 1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.304
7 0.209
12 0.150
2 0.758
7 0.574
12 0.441
2 1.020
7 0.777
12 0.613
2 1.316
7 0.995
12 0.766
2 1.273
7 1.001
12 0.798
2 1.738
7 1.344
12 1.077
2 2.233
7 1.693
12 1.384
2 0.169
7 0.105
12 0.074
2 0.225
7 0.153
12 0.102
2 0.308
7 0.206
12 0.144
2 0.770
7 0.566
12 0.447
2 1.040
7 0.786
12 0.605
2 1.298
7 1.012
12 0.792
2 1.311
7 0.987
12 0.815
7
13
1400 1
2
200
1
7
13
800
1
13
1400
1
7
13
3
0
200 13
800
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.748
7 1.355
12 1.076
2 2.181
7 1.702
12 1.364
2 0.187
7 0.123
12 0.087
2 0.263
7 0.167
12 0.118
2 0.340
7 0.215
12 0.173
2 0.846
7 0.639
12 0.510
2 1.139
7 0.863
12 0.688
2 1.465
7 1.120
12 0.857
2 1.452
7 1.145
12 0.901
2 1.943
7 1.516
12 1.237
2 2.486
7 1.921
12 1.565
13
1400
1
7
13
7
13
800
1
7
3
2 1400
7
13
3
200
1
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Appendix D. 3:1 Rural Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.090
7 0.047
12 0.034
2 0.105
7 0.075
12 0.053
2 0.140
7 0.099
12 0.071
2 0.256
7 0.184
12 0.128
2 0.353
7 0.251
12 0.182
2 0.456
7 0.328
12 0.226
2 0.444
7 0.317
12 0.227
2 0.609
7 0.444
12 0.309
2 0.771
7 0.568
12 0.404
2 0.075
7 0.054
12 0.036
2 0.122
7 0.084
12 0.059
2 0.158
7 0.111
12 0.076
2 0.429
7 0.306
12 0.218
2 1.026
7 0.743
12 0.519
2 1.158
7 0.832
12 0.589
2 0.735
7 0.549
12 0.381
7
13
800
1
7
13
7
13
800
1400
1
7
13
1
7
13
0
3
1400
0
200
1
200
1
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.754
7 1.262
12 0.905
2 1.967
7 1.431
12 0.996
2 0.100
7 0.069
12 0.049
2 0.158
7 0.111
12 0.077
2 0.212
7 0.146
12 0.102
2 0.576
7 0.416
12 0.290
2 1.378
7 0.985
12 0.694
2 1.523
7 1.112
12 0.775
2 1.004
7 0.723
12 0.512
2 2.338
7 1.697
12 1.204
2 2.626
7 1.863
12 1.343
2 0.059
7 0.035
12 0.022
2 0.078
7 0.047
12 0.029
2 0.095
7 0.057
12 0.040
2 0.228
7 0.159
12 0.110
2 0.317
7 0.220
12 0.154
7
200
1
7
13
800
13
6
200
1
1400
1
7
13
7
13
0
7
13
1
7800
14003
0
3
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.390
7 0.281
12 0.193
2 0.390
7 0.277
12 0.194
2 0.528
7 0.371
12 0.264
2 0.664
7 0.478
12 0.336
2 0.066
7 0.039
12 0.024
2 0.088
7 0.050
12 0.034
2 0.112
7 0.066
12 0.043
2 0.258
7 0.188
12 0.126
2 0.347
7 0.252
12 0.167
2 0.432
7 0.321
12 0.219
2 0.439
7 0.310
12 0.222
2 0.591
7 0.421
12 0.297
2 0.755
7 0.534
12 0.376
2 0.085
7 0.050
12 0.031
2 0.120
7 0.071
12 0.045
2 0.144
7 0.086
12 0.055
7
13
800
1
13
7
13
200
1
7
13
7
13
1400
1
7
200
1
13
1
0
3
6
3
1400
800
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.343
7 0.244
12 0.166
2 0.471
7 0.322
12 0.227
2 0.586
7 0.415
12 0.289
2 0.576
7 0.420
12 0.291
2 0.783
7 0.557
12 0.393
2 0.990
7 0.709
12 0.502
2 0.166
7 0.107
12 0.067
2 0.221
7 0.157
12 0.093
2 0.294
7 0.198
12 0.125
2 0.669
7 0.484
12 0.339
2 0.926
7 0.655
12 0.454
2 1.164
7 0.823
12 0.580
2 1.104
7 0.799
12 0.567
2 1.493
7 1.067
12 0.754
2 1.878
7 1.384
12 0.956
2 0.192
7 0.126
12 0.080
0
200
1
7
13
13
1
7
13
1400
1
7
800
1
13
7
1
1400
1
7
13
200
800
6
3
6
3
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.259
7 0.175
12 0.101
2 0.319
7 0.227
12 0.138
2 0.769
7 0.544
12 0.372
2 1.076
7 0.724
12 0.507
2 1.310
7 0.929
12 0.649
2 1.242
7 0.916
12 0.628
2 1.682
7 1.204
12 0.853
2 2.121
7 1.524
12 1.067
2 0.254
7 0.162
12 0.105
2 0.341
7 0.225
12 0.138
2 0.430
7 0.286
12 0.176
2 1.026
7 0.736
12 0.499
2 1.356
7 0.978
12 0.680
2 1.732
7 1.244
12 0.853
2 1.684
7 1.194
12 0.843
2 2.208
7 1.593
12 1.129
2 2.820
7 2.047
12 1.410
6
6
1400
13
800
1
7
13
1
7
1400
1
7
13
1
7
200
1
7
7
13
13
3
800
13
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Appendix E. 3:1 Rural Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.135
7 0.104
12 0.107
2 0.233
7 0.181
12 0.178
2 0.327
7 0.256
12 0.262
2 0.521
7 0.416
12 0.417
2 0.760
7 0.594
12 0.606
2 1.011
7 0.782
12 0.795
2 0.911
7 0.728
12 0.740
2 1.271
7 1.017
12 1.017
2 1.646
7 1.336
12 1.318
2 0.152
7 0.116
12 0.116
2 0.248
7 0.210
12 0.198
2 0.356
7 0.294
12 0.290
2 0.630
7 0.471
12 0.468
2 0.854
7 0.673
12 0.683
2 1.104
7 0.922
12 0.895
2 1.026
7 0.818
12 0.836
800
1
7
13
1
800
1
7
13
1400
1
7
13
200
1
7
13
0
3
1400
0
200
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.448
7 1.160
12 1.176
2 1.866
7 1.489
12 1.514
2 0.207
7 0.157
12 0.152
2 0.347
7 0.270
12 0.260
2 0.511
7 0.404
12 0.377
2 0.784
7 0.646
12 0.630
2 1.133
7 0.916
12 0.908
2 1.469
7 1.194
12 1.192
2 1.353
7 1.098
12 1.095
2 1.910
7 1.533
12 1.551
2 2.472
7 1.989
12 2.009
2 0.116
7 0.070
12 0.068
2 0.147
7 0.098
12 0.104
2 0.186
7 0.121
12 0.126
2 0.462
7 0.363
12 0.359
2 0.739
7 0.614
12 0.592
200
1
7
13
1
7
13
6
200
1
7
13
800
1
7
13
1400
1
7
13
0
3 1400
7
3 0
800
 
132 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.011
7 0.797
12 0.815
2 0.796
7 0.622
12 0.625
2 1.053
7 0.843
12 0.834
2 1.346
7 1.048
12 1.056
2 0.132
7 0.077
12 0.077
2 0.170
7 0.102
12 0.113
2 0.227
7 0.142
12 0.140
2 0.529
7 0.417
12 0.411
2 0.716
7 0.553
12 0.544
2 0.891
7 0.679
12 0.704
2 0.907
7 0.703
12 0.692
2 1.205
7 0.946
12 0.947
2 1.502
7 1.176
12 1.189
2 0.164
7 0.102
12 0.102
2 0.233
7 0.146
12 0.147
2 0.296
7 0.195
12 0.188
7
13
3
0
800 13
7
13
3
200
1
7
13
800
1
7
13
1400
1
7
1400
1
6
13
200
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.677
7 0.540
12 0.551
2 0.939
7 0.732
12 0.723
2 1.215
7 0.920
12 0.957
2 1.198
7 0.936
12 0.928
2 1.582
7 1.265
12 1.261
2 2.045
7 1.594
12 1.605
2 0.325
7 0.233
12 0.220
2 0.435
7 0.292
12 0.316
2 0.592
7 0.374
12 0.388
2 1.356
7 1.070
12 1.065
2 1.828
7 1.454
12 1.394
2 2.344
7 1.840
12 1.835
2 2.214
7 1.755
12 1.758
2 2.994
7 2.378
12 2.380
2 3.844
7 3.037
12 2.974
2 0.369
7 0.262
12 0.258
3
13
1
0
200
1
7
13
1400
1
7
13
7
13
1400
1
7
800
1
6
800
1
7
13
6
3 200
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.499
7 0.349
12 0.348
2 0.615
7 0.462
12 0.439
2 1.575
7 1.239
12 1.206
2 2.115
7 1.587
12 1.560
2 2.627
7 2.031
12 2.028
2 2.512
7 1.927
12 1.975
2 3.347
7 2.657
12 2.643
2 4.222
7 3.398
12 3.364
2 0.477
7 0.347
12 0.340
2 0.691
7 0.471
12 0.464
2 0.882
7 0.585
12 0.613
2 2.055
7 1.596
12 1.612
2 2.806
7 2.185
12 2.157
2 3.538
7 2.688
12 2.709
2 3.352
7 2.647
12 2.673
2 4.482
7 3.546
12 3.477
2 5.610
7 4.522
12 4.533
6
6 1
7
13
800
1
7
13
1
71400
13
3
7
13
800
1
7
13
1400
1
7
13
200
 
135 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix F. 3:1 Rural Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.667
7 0.458
12 0.318
2 0.985
7 0.677
12 0.504
2 1.332
7 0.899
12 0.636
2 2.393
7 1.718
12 1.217
2 3.344
7 2.441
12 1.690
2 4.274
7 3.143
12 2.190
2 4.055
7 3.028
12 2.126
2 5.640
7 4.177
12 2.947
2 7.094
7 5.200
12 3.699
2 0.829
7 0.544
12 0.397
2 1.226
7 0.872
12 0.627
2 1.598
7 1.131
12 0.780
2 3.009
7 2.213
12 1.501
2 4.199
7 3.012
12 2.148
7
200
1
7
13
800
1
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
4
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 5.385
7 3.763
12 2.719
2 5.088
7 3.719
12 2.661
2 7.133
7 5.167
12 3.649
2 9.008
7 6.556
12 4.667
2 1.001
7 0.670
12 0.478
2 1.506
7 1.019
12 0.724
2 1.894
7 1.343
12 0.964
2 3.696
7 2.608
12 1.868
2 4.944
7 3.617
12 2.536
2 6.431
7 4.722
12 3.360
2 6.147
7 4.477
12 3.207
2 8.503
7 6.174
12 4.450
2 10.784
7 7.886
12 5.660
2 1.309
7 0.894
12 0.571
4 0 200 1
8
200
1
7
130
4
800
1400
7
13
1400
1
7
800
1
13
1
7
13
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.728
7 1.224
12 0.819
2 2.222
7 1.580
12 1.010
2 4.873
7 3.543
12 2.480
2 6.819
7 4.939
12 3.481
2 8.756
7 6.141
12 4.350
2 8.380
7 6.042
12 4.308
2 11.367
7 8.286
12 5.923
2 14.557
7 10.575
12 7.436
2 1.503
7 1.098
12 0.714
2 2.289
7 1.616
12 1.044
2 2.809
7 1.989
12 1.240
2 6.005
7 4.403
12 3.169
2 8.338
7 6.172
12 4.287
2 10.896
7 7.857
12 5.466
7
13
4
200
1
7
13
800
1
7
13
7
13
800
1
7
13
4
0
200
1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 10.515
7 7.690
12 5.456
2 14.375
7 10.490
12 7.376
2 18.104
7 13.130
12 9.262
2 1.539
7 1.060
12 0.714
2 2.248
7 1.533
12 1.032
2 2.749
7 1.973
12 1.343
2 6.115
7 4.515
12 3.125
2 8.492
7 6.116
12 4.287
2 10.693
7 7.776
12 5.440
2 10.658
7 7.719
12 5.479
2 14.355
7 10.373
12 7.448
2 17.801
7 13.019
12 9.207
2 1.849
7 1.186
12 0.790
2 2.464
7 1.712
12 1.061
13
800
1
8 0 200
1
7
1400
1
7
13
8
200
1
7
4
4 1400
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 3.111
7 2.018
12 1.349
2 6.422
7 4.864
12 3.338
2 8.992
7 6.562
12 4.551
2 11.341
7 8.137
12 5.698
2 10.531
7 7.574
12 5.402
2 14.299
7 10.355
12 7.163
2 18.189
7 13.133
12 9.287
2 1.883
7 1.170
12 0.751
2 2.500
7 1.647
12 1.037
2 3.257
7 2.176
12 1.327
2 6.618
7 4.670
12 3.267
2 8.992
7 6.503
12 4.515
2 11.392
7 8.125
12 5.652
2 10.477
7 7.467
12 5.334
7
13
4
200
1
7
13
800
1
1400 1
8
0
200 13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 14.296
7 10.413
12 7.341
2 18.108
7 12.951
12 9.039
2 2.691
7 1.816
12 1.077
2 3.626
7 2.493
12 1.514
2 4.783
7 3.155
12 2.066
2 9.867
7 7.099
12 4.983
2 13.130
7 9.515
12 6.564
2 16.886
7 12.142
12 8.694
2 15.914
7 11.501
12 8.005
2 21.281
7 15.505
12 10.648
2 26.844
7 19.444
12 13.823
13
1400
1
7
13
8
4 1400
7
13
8
200
1
7
13
800
1
7
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Appendix G. 3:1 Urban Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.059
7 0.042
12 0.029
2 0.094
7 0.066
12 0.047
2 0.118
7 0.082
12 0.058
2 0.227
7 0.162
12 0.115
2 0.321
7 0.230
12 0.164
2 0.399
7 0.283
12 0.200
2 0.392
7 0.286
12 0.201
2 0.547
7 0.394
12 0.284
2 0.667
7 0.484
12 0.346
2 0.067
7 0.045
12 0.032
2 0.106
7 0.075
12 0.052
2 0.134
7 0.094
12 0.064
2 0.255
7 0.183
12 0.129
2 0.362
7 0.260
12 0.183
2 0.444
7 0.323
12 0.225
2 0.438
7 0.321
12 0.227
0
3
1400
0
200
1
7
13
800
1400
1
7
13
1
7
13
200
1
7
13
800
1
7
13
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.621
7 0.450
12 0.321
2 0.748
7 0.548
12 0.385
2 0.092
7 0.062
12 0.042
2 0.143
7 0.095
12 0.069
2 0.176
7 0.122
12 0.085
2 0.338
7 0.243
12 0.172
2 0.481
7 0.349
12 0.243
2 0.587
7 0.426
12 0.300
2 0.587
7 0.426
12 0.306
2 0.816
7 0.600
12 0.424
2 1.008
7 0.723
12 0.520
2 0.105
7 0.069
12 0.046
2 0.144
7 0.097
12 0.061
2 0.176
7 0.115
12 0.075
2 0.422
7 0.304
12 0.213
2 0.583
7 0.414
12 0.289
4 0
800
0
3 1400
7
13
6
200
1
1400
1
7
13
7
13
800
1
7
13
1
7
200
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.712
7 0.510
12 0.351
2 0.745
7 0.529
12 0.378
2 1.001
7 0.726
12 0.505
2 1.212
7 0.881
12 0.615
2 0.116
7 0.077
12 0.049
2 0.161
7 0.110
12 0.068
2 0.187
7 0.132
12 0.085
2 0.483
7 0.342
12 0.244
2 0.660
7 0.466
12 0.324
2 0.798
7 0.560
12 0.400
2 0.826
7 0.591
12 0.416
2 1.139
7 0.813
12 0.575
2 1.384
7 0.980
12 0.698
2 0.154
7 0.103
12 0.067
2 0.216
7 0.138
12 0.089
2 0.261
7 0.177
12 0.111
4
0
800 13
1400
1
6
7
13
200
1
7
13
7
13
1400
1
7
3
200
1
7
13
800
1
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.640
7 0.462
12 0.321
2 0.875
7 0.629
12 0.440
2 1.063
7 0.757
12 0.527
2 1.103
7 0.790
12 0.558
2 1.500
7 1.088
12 0.760
2 1.849
7 1.315
12 0.931
2 0.147
7 0.095
12 0.058
2 0.210
7 0.133
12 0.082
2 0.254
7 0.160
12 0.101
2 0.563
7 0.403
12 0.279
2 0.771
7 0.550
12 0.382
2 0.939
7 0.665
12 0.475
2 0.892
7 0.643
12 0.453
2 1.231
7 0.886
12 0.618
2 1.494
7 1.072
12 0.749
2 0.164
7 0.108
12 0.066
200
4 6
800
1
7
13
1400
1
7
13
7
13
1400
1
7
800
1
8
3
13
1
0
200
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.230
7 0.150
12 0.092
2 0.281
7 0.181
12 0.112
2 0.638
7 0.450
12 0.318
2 0.878
7 0.617
12 0.434
2 1.050
7 0.754
12 0.538
2 1.021
7 0.731
12 0.515
2 1.389
7 0.991
12 0.694
2 1.681
7 1.210
12 0.846
2 0.227
7 0.141
12 0.089
2 0.307
7 0.195
12 0.120
2 0.390
7 0.239
12 0.151
2 0.852
7 0.609
12 0.421
2 1.154
7 0.835
12 0.577
2 1.408
7 1.003
12 0.691
2 1.354
7 0.960
12 0.685
2 1.863
7 1.321
12 0.919
2 2.220
7 1.621
12 1.130
3
7
13
800
1
7
13
8
13
1400
1
7
13
6
200
1
7
13
800
1
7
13
1400
1
7
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Appendix H. 3:1 Urban Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.119
7 0.089
12 0.072
2 0.197
7 0.153
12 0.128
2 0.265
7 0.203
12 0.173
2 0.467
7 0.364
12 0.295
2 0.657
7 0.526
12 0.431
2 0.840
7 0.673
12 0.429
2 0.804
7 0.636
12 0.522
2 1.140
7 0.906
12 0.726
2 1.401
7 1.121
12 0.736
2 0.129
7 0.102
12 0.078
2 0.220
7 0.173
12 0.142
2 0.308
7 0.236
12 0.140
2 0.523
7 0.409
12 0.330
2 0.745
7 0.594
12 0.485
2 0.943
7 0.756
12 0.483
2 0.899
7 0.719
12 0.586
0
3
1400
0
200
1
7
13
800
1
7
13
1400
1
7
13
200
1
7
13
800
1
7
13
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.275
7 1.022
12 0.838
2 1.582
7 1.291
12 0.840
2 0.176
7 0.134
12 0.107
2 0.300
7 0.227
12 0.186
2 0.403
7 0.325
12 0.189
2 0.699
7 0.552
12 0.438
2 0.997
7 0.794
12 0.643
2 1.254
7 1.015
12 0.642
2 1.214
7 0.953
12 0.779
2 1.691
7 1.369
12 1.112
2 2.125
7 1.691
12 1.114
2 0.199
7 0.136
12 0.104
2 0.264
7 0.195
12 0.137
2 0.339
7 0.243
12 0.170
2 0.847
7 0.662
12 0.535
2 1.156
7 0.915
12 0.719
0
3 1400
7
4 0
800
13
6
200
1
7
13
800
1
7
13
1400
1
7
13
200
1
7
13
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.382
7 1.103
12 0.725
2 1.492
7 1.167
12 0.926
2 2.008
7 1.565
12 1.272
2 2.479
7 1.912
12 1.262
2 0.211
7 0.162
12 0.117
2 0.301
7 0.214
12 0.159
2 0.368
7 0.269
12 0.161
2 0.948
7 0.733
12 0.586
2 1.314
7 1.040
12 0.816
2 1.590
7 1.239
12 0.807
2 1.661
7 1.297
12 1.059
2 2.252
7 1.791
12 1.447
2 2.741
7 2.154
12 1.425
2 0.293
7 0.215
12 0.149
2 0.405
7 0.290
12 0.207
2 0.523
7 0.360
12 0.205
6
1400
1
4
0
800 13
7
13
3
200
1
7
13
800
1
7
13
1400
1
7
13
200
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.285
7 0.995
12 0.799
2 1.736
7 1.348
12 1.074
2 2.076
7 1.658
12 1.091
2 2.208
7 1.743
12 1.402
2 3.019
7 2.389
12 1.921
2 3.641
7 2.881
12 1.900
2 0.293
7 0.196
12 0.134
2 0.399
7 0.262
12 0.183
2 0.476
7 0.324
12 0.221
2 1.113
7 0.871
12 0.695
2 1.539
7 1.183
12 0.941
2 1.825
7 1.427
12 0.936
2 1.788
7 1.377
12 1.130
2 2.403
7 1.886
12 1.545
2 2.957
7 2.279
12 1.529
2 0.319
7 0.226
12 0.151
8
3 200
6
800
1
7
13
1400
1
7
13
7
13
1400
1
7
800
1
4
13
1
0
200
1
7
13
 
153 
 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.427
7 0.304
12 0.205
2 0.541
7 0.369
12 0.201
2 1.271
7 0.963
12 0.777
2 1.702
7 1.320
12 1.062
2 2.044
7 1.606
12 1.052
2 1.990
7 1.540
12 1.250
2 2.716
7 2.114
12 1.707
2 3.286
7 2.551
12 1.704
2 0.428
7 0.293
12 0.202
2 0.577
7 0.406
12 0.278
2 0.707
7 0.497
12 0.276
2 1.641
7 1.306
12 1.029
2 2.267
7 1.789
12 1.407
2 2.747
7 2.158
12 1.404
2 2.686
7 2.105
12 1.667
2 3.656
7 2.851
12 2.262
2 4.396
7 3.439
12 2.276
13
8
3
7
13
800
1
7
13
1400
1
7
13
6
200
1
7
13
800
1
7
13
1400
1
7
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Appendix I. 3:1 Urban Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.226
7 0.159
12 0.111
2 0.348
7 0.235
12 0.175
2 0.439
7 0.310
12 0.216
2 0.800
7 0.587
12 0.417
2 1.096
7 0.811
12 0.573
2 1.377
7 1.003
12 0.706
2 1.384
7 1.008
12 0.718
2 1.875
7 1.372
12 0.975
2 2.287
7 1.670
12 1.196
2 0.337
7 0.238
12 0.165
2 0.531
7 0.365
12 0.259
2 0.666
7 0.455
12 0.330
2 1.219
7 0.861
12 0.616
2 1.662
7 1.222
12 0.855
7
200
1
7
13
800
1
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 2.042
7 1.496
12 1.075
2 2.060
7 1.504
12 1.080
2 2.812
7 2.064
12 1.463
2 3.446
7 2.500
12 1.789
2 0.338
7 0.240
12 0.166
2 0.518
7 0.361
12 0.259
2 0.668
7 0.466
12 0.327
2 1.194
7 0.863
12 0.606
2 1.663
7 1.210
12 0.872
2 2.047
7 1.473
12 1.065
2 2.063
7 1.513
12 1.074
2 2.805
7 2.062
12 1.454
2 3.471
7 2.492
12 1.794
2 0.203
7 0.129
12 0.084
3 0 200 1
12
200
1
7
130
6
800
1400
7
13
1400
1
7
800
1
13
1
7
13
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.280
7 0.177
12 0.120
2 0.351
7 0.211
12 0.150
2 0.772
7 0.548
12 0.392
2 1.048
7 0.743
12 0.511
2 1.277
7 0.918
12 0.643
2 1.303
7 0.954
12 0.665
2 1.725
7 1.248
12 0.894
2 2.117
7 1.525
12 1.089
2 0.311
7 0.194
12 0.126
2 0.423
7 0.260
12 0.177
2 0.519
7 0.329
12 0.220
2 1.164
7 0.817
12 0.580
2 1.536
7 1.113
12 0.764
2 1.902
7 1.360
12 0.947
7
13
6
200
1
7
13
800
1
7
13
7
13
800
1
7
13
3
0
200
1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.952
7 1.403
12 0.992
2 2.563
7 1.867
12 1.325
2 3.155
7 2.278
12 1.605
2 0.296
7 0.193
12 0.127
2 0.420
7 0.267
12 0.180
2 0.493
7 0.328
12 0.221
2 1.155
7 0.836
12 0.577
2 1.530
7 1.113
12 0.788
2 1.900
7 1.368
12 0.946
2 1.926
7 1.398
12 0.988
2 2.598
7 1.883
12 1.329
2 3.140
7 2.317
12 1.620
2 0.606
7 0.411
12 0.273
2 0.831
7 0.573
12 0.371
13
800
1
6 0 200
1
7
1400
1
7
13
12
200
1
7
3
6 1400
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.022
7 0.677
12 0.461
2 2.270
7 1.651
12 1.154
2 3.088
7 2.232
12 1.587
2 3.785
7 2.708
12 1.888
2 3.743
7 2.717
12 1.935
2 5.047
7 3.667
12 2.566
2 6.185
7 4.508
12 3.148
2 0.898
7 0.610
12 0.405
2 1.238
7 0.837
12 0.553
2 1.547
7 1.053
12 0.659
2 3.412
7 2.506
12 1.728
2 4.593
7 3.338
12 2.344
2 5.733
7 4.102
12 2.886
2 5.628
7 4.088
12 2.903
7
13
6
200
1
7
13
800
1
1400 1
6
0
200 13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 7.582
7 5.461
12 3.909
2 9.220
7 6.733
12 4.728
2 0.883
7 0.618
12 0.409
2 1.177
7 0.871
12 0.562
2 1.531
7 1.032
12 0.697
2 3.446
7 2.511
12 1.747
2 4.625
7 3.335
12 2.389
2 5.633
7 4.169
12 2.881
2 5.730
7 4.099
12 2.932
2 7.569
7 5.486
12 3.907
2 9.367
7 6.740
12 4.695
13
1400
1
7
13
6
6 1400
7
13
12
200
1
7
13
800
1
7
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Appendix J. 4:1 Freeway Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.068
7 0.053
12 0.040
2 0.358
7 0.281
12 0.236
2 0.405
7 0.302
12 0.260
2 0.265
7 0.201
12 0.163
2 1.108
7 0.902
12 0.716
2 1.156
7 0.924
12 0.751
2 0.450
7 0.363
12 0.293
2 1.914
7 1.486
12 1.231
2 1.948
7 1.557
12 1.243
2 0.071
7 0.052
12 0.042
2 0.365
7 0.281
12 0.237
2 0.408
7 0.310
12 0.267
2 0.262
7 0.202
12 0.168
2 1.118
7 0.879
12 0.747
7
2
200
1
7
13
800
1
1400
1
7
13
1
7
13
0
0
200
1
7
13
800
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.147
7 0.913
12 0.750
2 0.453
7 0.357
12 0.288
2 1.851
7 1.503
12 1.237
2 1.948
7 1.535
12 1.256
2 0.078
7 0.058
12 0.046
2 0.415
7 0.310
12 0.263
2 0.449
7 0.350
12 0.291
2 0.293
7 0.227
12 0.186
2 1.277
7 0.993
12 0.826
2 1.322
7 1.051
12 0.859
2 0.509
7 0.409
12 0.333
2 2.128
7 1.700
12 1.401
2 2.181
7 1.730
12 1.426
2 0.049
7 0.029
12 0.022
13
2 0 200 1
7
13
1400
1
7
3
200
1
7
13
800
1
1
7
13
0
2
800 13
1400
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.187
7 0.130
12 0.097
2 0.210
7 0.154
12 0.109
2 0.217
7 0.165
12 0.129
2 0.842
7 0.683
12 0.523
2 0.904
7 0.668
12 0.541
2 0.376
7 0.291
12 0.233
2 1.521
7 1.156
12 0.941
2 1.537
7 1.170
12 0.950
2 0.047
7 0.032
12 0.020
2 0.200
7 0.132
12 0.099
2 0.206
7 0.149
12 0.112
2 0.212
7 0.166
12 0.129
2 0.876
7 0.656
12 0.532
2 0.875
7 0.663
12 0.544
7
13
2
200
1
7
13
800
1
1400
1
7
13
7
13
800
1
7
13
2
0
200
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.374
7 0.295
12 0.235
2 1.545
7 1.157
12 0.947
2 1.537
7 1.183
12 0.957
2 0.048
7 0.033
12 0.021
2 0.191
7 0.129
12 0.091
2 0.207
7 0.153
12 0.110
2 0.221
7 0.163
12 0.129
2 0.858
7 0.656
12 0.525
2 0.905
7 0.682
12 0.544
2 0.375
7 0.295
12 0.232
2 1.491
7 1.160
12 0.935
2 1.516
7 1.166
12 0.954
2 0.053
7 0.034
12 0.024
2 0.215
7 0.131
12 0.098
3 0 200
1
7
1400
1
7
13
13
800
1
7
13
7
13
3
200
1
7
2
2 1400
1
 
166 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.229
7 0.145
12 0.105
2 0.230
7 0.174
12 0.135
2 0.921
7 0.684
12 0.561
2 0.922
7 0.715
12 0.558
2 0.388
7 0.301
12 0.242
2 1.560
7 1.492
12 0.967
2 1.578
7 1.203
12 0.969
2 0.053
7 0.032
12 0.023
2 0.211
7 0.133
12 0.098
2 0.228
7 0.148
12 0.102
2 0.226
7 0.174
12 0.137
2 0.914
7 0.688
12 0.539
2 0.914
7 0.700
12 0.551
2 0.389
7 0.299
12 0.238
7
13
1400 1
2
200
1
7
13
800
1
13
1400
1
7
13
3
0
200 13
800
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.552
7 1.199
12 0.968
2 1.556
7 1.218
12 0.967
2 0.059
7 0.036
12 0.027
2 0.233
7 0.150
12 0.107
2 0.258
7 0.164
12 0.119
2 0.259
7 0.196
12 0.157
2 1.020
7 0.770
12 0.613
2 1.028
7 0.804
12 0.616
2 0.436
7 0.339
12 0.271
2 1.748
7 1.358
12 1.071
2 1.737
7 1.356
12 1.109
13
1400
1
7
13
7
13
800
1
7
3
2 1400
7
13
3
200
1
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Appendix K. 4:1 Rural Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.013
7 0.009
12 0.007
2 0.052
7 0.036
12 0.025
2 0.054
7 0.037
12 0.026
2 0.050
7 0.035
12 0.025
2 0.173
7 0.125
12 0.088
2 0.173
7 0.123
12 0.087
2 0.085
7 0.062
12 0.044
2 0.291
7 0.215
12 0.151
2 0.293
7 0.212
12 0.151
2 0.016
7 0.010
12 0.007
2 0.060
7 0.040
12 0.029
2 0.058
7 0.041
12 0.029
2 0.055
7 0.040
12 0.028
2 0.196
7 0.140
12 0.099
0
3
800
200
1
7
13
1
7
0
200
1
7
13
800
1400
1
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.196
7 0.139
12 0.098
2 0.096
7 0.070
12 0.049
2 0.331
7 0.234
12 0.165
2 0.332
7 0.240
12 0.170
2 0.021
7 0.014
12 0.010
2 0.076
7 0.055
12 0.039
2 0.078
7 0.054
12 0.038
2 0.074
7 0.054
12 0.038
2 0.256
7 0.185
12 0.134
2 0.255
7 0.184
12 0.132
2 0.128
7 0.094
12 0.067
2 0.438
7 0.321
12 0.226
2 0.441
7 0.319
12 0.228
2 0.011
7 0.007
12 0.004
0
3
800 13
1400
1
7
3 0 200 1
13
800
1
7
13
13
6
200
1
1400
1
7
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.037
7 0.022
12 0.013
2 0.037
7 0.023
12 0.014
2 0.045
7 0.031
12 0.022
2 0.149
7 0.106
12 0.073
2 0.149
7 0.106
12 0.073
2 0.075
7 0.054
12 0.038
2 0.249
7 0.180
12 0.124
2 0.247
7 0.177
12 0.126
2 0.013
7 0.007
12 0.005
2 0.042
7 0.026
12 0.016
2 0.042
7 0.026
12 0.017
2 0.049
7 0.036
12 0.025
2 0.165
7 0.118
12 0.081
2 0.167
7 0.117
12 0.081
3
0
200
7
13
800
1
7
13
1400
1
3
7
13
800
1
13
7
13
200
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.085
7 0.060
12 0.042
2 0.282
7 0.196
12 0.144
2 0.285
7 0.200
12 0.140
2 0.017
7 0.010
12 0.006
2 0.057
7 0.034
12 0.022
2 0.057
7 0.033
12 0.022
2 0.068
7 0.047
12 0.032
2 0.223
7 0.155
12 0.108
2 0.225
7 0.157
12 0.108
2 0.113
7 0.081
12 0.057
2 0.369
7 0.265
12 0.190
2 0.364
7 0.269
12 0.187
2 0.033
7 0.023
12 0.014
2 0.115
7 0.071
12 0.046
13
6 0 200
3
3 1400
1
7
13
6
200
1
7
13
800
1
7
1
7
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.107
7 0.072
12 0.046
2 0.134
7 0.091
12 0.065
2 0.436
7 0.316
12 0.221
2 0.437
7 0.312
12 0.213
2 0.211
7 0.155
12 0.108
2 0.721
7 0.515
12 0.362
2 0.714
7 0.517
12 0.359
2 0.036
7 0.024
12 0.016
2 0.126
7 0.081
12 0.051
2 0.120
7 0.081
12 0.051
2 0.149
7 0.105
12 0.074
2 0.489
7 0.350
12 0.244
2 0.497
7 0.350
12 0.239
2 0.242
7 0.171
12 0.120
13
800
1
7
1400
6
0
200 13
800
1
7
13
1400
1
7
13
3
200
1
1
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.796
7 0.570
12 0.403
2 0.792
7 0.584
12 0.399
2 0.045
7 0.032
12 0.019
2 0.161
7 0.110
12 0.070
2 0.160
7 0.107
12 0.068
2 0.198
7 0.141
12 0.099
2 0.673
7 0.462
12 0.324
2 0.666
7 0.463
12 0.323
2 0.322
7 0.230
12 0.162
2 1.069
7 0.767
12 0.539
2 1.082
7 0.775
12 0.544
7
13
6
3 1400
7
13
6
200
1
7
13
800
1
7
13
1400
1
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Appendix L. 4:1 Rural Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.028
7 0.020
12 0.017
2 0.118
7 0.092
12 0.077
2 0.134
7 0.106
12 0.089
2 0.103
7 0.081
12 0.065
2 0.368
7 0.292
12 0.239
2 0.380
7 0.301
12 0.251
2 0.181
7 0.143
12 0.118
2 0.620
7 0.509
12 0.409
2 0.642
7 0.507
12 0.410
2 0.031
7 0.023
12 0.018
2 0.132
7 0.104
12 0.086
2 0.149
7 0.116
12 0.096
2 0.116
7 0.092
12 0.073
2 0.417
7 0.327
12 0.266
0
3
800
200
1
7
13
1
7
0
200
1
7
13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.427
7 0.347
12 0.281
2 0.197
7 0.161
12 0.131
2 0.689
7 0.571
12 0.461
2 0.733
7 0.583
12 0.469
2 0.042
7 0.030
12 0.025
2 0.176
7 0.133
12 0.115
2 0.198
7 0.160
12 0.126
2 0.152
7 0.124
12 0.098
2 0.557
7 0.436
12 0.364
2 0.574
7 0.462
12 0.361
2 0.270
7 0.216
12 0.175
2 0.944
7 0.742
12 0.615
2 0.953
7 0.772
12 0.621
2 0.022
7 0.014
12 0.009
0
3
800 13
1400
1
7
3 0 200 1
200
1
7
13
800
1
7
13
1400
1
7
13
13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.073
7 0.044
12 0.034
2 0.074
7 0.050
12 0.038
2 0.088
7 0.069
12 0.054
2 0.299
7 0.237
12 0.185
2 0.308
7 0.236
12 0.185
2 0.151
7 0.120
12 0.096
2 0.506
7 0.400
12 0.324
2 0.507
7 0.405
12 0.324
2 0.024
7 0.015
12 0.011
2 0.083
7 0.049
12 0.038
2 0.084
7 0.057
12 0.041
2 0.102
7 0.078
12 0.062
2 0.340
7 0.273
12 0.209
2 0.349
7 0.269
12 0.207
3
13
800
1
7
13
1400
1
7
13
200
1
7
13
800
1
7
13
3
0
200
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.171
7 0.137
12 0.109
2 0.570
7 0.455
12 0.359
2 0.581
7 0.449
12 0.366
2 0.032
7 0.020
12 0.015
2 0.113
7 0.070
12 0.048
2 0.119
7 0.074
12 0.056
2 0.134
7 0.106
12 0.082
2 0.454
7 0.343
12 0.274
2 0.452
7 0.354
12 0.274
2 0.229
7 0.181
12 0.145
2 0.762
7 0.599
12 0.485
2 0.768
7 0.599
12 0.477
2 0.065
7 0.043
12 0.032
2 0.221
7 0.141
12 0.106
6 0 200
3
3 1400
1
7
13
6
200
1
7
13
1
7
1400
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.201
7 0.156
12 0.104
2 0.270
7 0.208
12 0.168
2 0.862
7 0.685
12 0.553
2 0.892
7 0.687
12 0.560
2 0.434
7 0.344
12 0.273
2 1.412
7 1.126
12 0.913
2 1.434
7 1.118
12 0.894
2 0.070
7 0.050
12 0.035
2 0.240
7 0.176
12 0.120
2 0.239
7 0.172
12 0.121
2 0.297
7 0.228
12 0.187
2 0.966
7 0.781
12 0.628
2 1.005
7 0.773
12 0.610
2 0.492
7 0.382
12 0.300
7
13
3
200
1
7
13
800
1
7
1400
6
0
200 13
800
1
7
13
1400
1
1
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.614
7 1.263
12 1.029
2 1.621
7 1.271
12 1.042
2 0.098
7 0.068
12 0.048
2 0.330
7 0.232
12 0.163
2 0.297
7 0.234
12 0.166
2 0.393
7 0.308
12 0.246
2 1.344
7 1.027
12 0.810
2 1.314
7 1.008
12 0.822
2 0.651
7 0.503
12 0.414
2 2.150
7 1.681
12 1.373
2 2.161
7 1.682
12 1.362
13
6
3 1400
7
13
6
200
1
7
13
800
1
7
13
1400
1
7
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Appendix M. 4:1 Rural Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.121
7 0.085
12 0.058
2 0.481
7 0.334
12 0.239
2 0.480
7 0.347
12 0.243
2 0.435
7 0.309
12 0.224
2 1.565
7 1.154
12 0.807
2 1.572
7 1.138
12 0.825
2 0.743
7 0.532
12 0.386
2 2.720
7 1.967
12 1.397
2 2.717
7 1.972
12 1.409
2 0.153
7 0.104
12 0.071
2 0.624
7 0.405
12 0.291
2 0.604
7 0.432
12 0.291
2 0.531
7 0.393
12 0.275
2 1.988
7 1.422
12 1.003
7
200
1
7
13
800
1
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
4
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.975
7 1.431
12 1.029
2 0.934
7 0.670
12 0.491
2 3.344
7 2.467
12 1.731
2 3.370
7 2.461
12 1.754
2 0.187
7 0.124
12 0.086
2 0.744
7 0.501
12 0.354
2 0.725
7 0.496
12 0.353
2 0.645
7 0.470
12 0.321
2 2.366
7 1.738
12 1.202
2 2.433
7 1.742
12 1.223
2 1.114
7 0.804
12 0.582
2 4.064
7 2.945
12 2.103
2 4.077
7 2.976
12 2.123
2 0.223
7 0.160
12 0.107
4 0 200 1
8
200
1
7
130
4
800
1400
7
13
1400
1
7
800
1
13
1
7
13
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.828
7 0.574
12 0.380
2 0.855
7 0.565
12 0.423
2 0.892
7 0.642
12 0.453
2 3.219
7 2.314
12 1.620
2 3.233
7 2.305
12 1.647
2 1.538
7 1.126
12 0.775
2 5.494
7 3.967
12 2.763
2 5.483
7 3.918
12 2.792
2 0.275
7 0.208
12 0.129
2 1.051
7 0.740
12 0.472
2 1.067
7 0.737
12 0.475
2 1.122
7 0.804
12 0.569
2 3.968
7 2.888
12 2.063
2 3.998
7 2.923
12 2.055
7
13
4
200
1
7
13
800
1
7
13
7
13
800
1
7
13
4
0
200
1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.900
7 1.389
12 0.986
2 6.816
7 4.979
12 3.428
2 6.801
7 4.923
12 3.462
2 0.336
7 0.232
12 0.161
2 1.294
7 0.963
12 0.590
2 1.213
7 0.862
12 0.580
2 1.327
7 0.968
12 0.681
2 4.720
7 3.506
12 2.446
2 4.865
7 3.479
12 2.412
2 2.306
7 1.655
12 1.158
2 8.224
7 5.910
12 4.210
2 8.098
7 5.851
12 4.210
2 0.316
7 0.218
12 0.138
2 1.257
7 0.819
12 0.507
13
800
1
8 0 200
1
7
1400
1
7
13
8
200
1
7
4
4 1400
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.194
7 0.773
12 0.499
2 1.156
7 0.842
12 0.600
2 4.238
7 3.052
12 2.136
2 4.224
7 3.037
12 2.103
2 1.887
7 1.362
12 0.966
2 6.717
7 4.891
12 3.496
2 6.691
7 4.885
12 3.423
2 0.419
7 0.282
12 0.165
2 1.534
7 1.008
12 0.629
2 1.479
7 0.982
12 0.632
2 1.464
7 1.070
12 0.760
2 5.246
7 3.880
12 2.711
2 5.294
7 3.833
12 2.656
2 2.340
7 1.728
12 1.204
7
13
4
200
1
7
13
800
1
1400 1
8
0
200 13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.235
7 6.042
12 4.306
2 8.488
7 6.212
12 4.317
2 0.486
7 0.319
12 0.205
2 1.830
7 1.182
12 0.754
2 1.739
7 1.204
12 0.748
2 1.751
7 1.279
12 0.901
2 6.205
7 4.672
12 3.216
2 6.520
7 4.568
12 3.270
2 2.848
7 2.044
12 1.459
2 10.248
7 7.308
12 5.109
2 10.030
7 7.284
12 5.200
7
13
8
4 1400
7
13
8
200
1
7
13
800
1
7
13
1400
1
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Appendix N. 4:1 Urban Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.012
7 0.008
12 0.013
2 0.048
7 0.034
12 0.047
2 0.048
7 0.034
12 0.048
2 0.044
7 0.032
12 0.046
2 0.160
7 0.115
12 0.161
2 0.161
7 0.116
12 0.162
2 0.076
7 0.056
12 0.079
2 0.275
7 0.199
12 0.274
2 0.275
7 0.200
12 0.276
2 0.013
7 0.009
12 0.014
2 0.054
7 0.038
12 0.054
2 0.054
7 0.039
12 0.055
2 0.050
7 0.036
12 0.051
2 0.183
7 0.129
12 0.182
2 0.181
7 0.130
12 0.182
2 0.086
7 0.063
12 0.087
2 0.310
7 0.225
12 0.308
1400
1
7
200
1
7
13
800
1
7
13
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
3
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.308
7 0.225
12 0.308
2 0.018
7 0.012
12 0.020
2 0.074
7 0.049
12 0.072
2 0.073
7 0.050
12 0.072
2 0.067
7 0.047
12 0.068
2 0.242
7 0.175
12 0.238
2 0.240
7 0.172
12 0.240
2 0.116
7 0.084
12 0.116
2 0.414
7 0.295
12 0.412
2 0.409
7 0.299
12 0.413
2 0.020
7 0.013
12 0.020
2 0.073
7 0.048
12 0.072
2 0.071
7 0.046
12 0.071
2 0.083
7 0.060
12 0.083
2 0.287
7 0.210
12 0.292
2 0.292
7 0.206
12 0.288
2 0.143
7 0.103
12 0.144
1
7
13
4 0
200
1
7
13
800
1400 1
13
800
1
7
13
0
3 1400 13
6
200
1
1400
1
7
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.498
7 0.360
12 0.503
2 0.498
7 0.359
12 0.503
2 0.023
7 0.015
12 0.023
2 0.080
7 0.054
12 0.077
2 0.077
7 0.053
12 0.081
2 0.094
7 0.066
12 0.095
2 0.323
7 0.233
12 0.326
2 0.329
7 0.236
12 0.326
2 0.161
7 0.116
12 0.163
2 0.567
7 0.404
12 0.562
2 0.565
7 0.405
12 0.560
2 0.030
7 0.020
12 0.030
2 0.106
7 0.073
12 0.105
2 0.106
7 0.070
12 0.107
2 0.126
7 0.090
12 0.123
2 0.430
7 0.310
12 0.437
2 0.437
7 0.308
12 0.432
7
13
800
1
800
1
7
13
13
13
6
200
1
7
13
7
13
1400
1
7
3
200
1
4
0 1400
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.218
7 0.155
12 0.219
2 0.748
7 0.538
12 0.761
2 0.756
7 0.544
12 0.757
2 0.029
7 0.018
12 0.030
2 0.101
7 0.067
12 0.103
2 0.101
7 0.064
12 0.101
2 0.110
7 0.078
12 0.110
2 0.377
7 0.272
12 0.379
2 0.385
7 0.280
12 0.381
2 0.177
7 0.127
12 0.176
2 0.617
7 0.439
12 0.616
2 0.611
7 0.438
12 0.622
2 0.033
7 0.021
12 0.033
2 0.117
7 0.072
12 0.115
2 0.115
7 0.073
12 0.115
2 0.124
7 0.088
12 0.123
2 0.441
7 0.308
12 0.430
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.433
7 0.309
12 0.432
2 0.198
7 0.142
12 0.200
2 0.688
7 0.491
12 0.695
2 0.694
7 0.497
12 0.692
2 0.043
7 0.028
12 0.043
2 0.155
7 0.098
12 0.155
2 0.154
7 0.096
12 0.152
2 0.163
7 0.118
12 0.164
2 0.581
7 0.411
12 0.586
2 0.576
7 0.416
12 0.579
2 0.266
7 0.190
12 0.264
2 0.928
7 0.662
12 0.928
2 0.916
7 0.657
12 0.924
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix O. 4:1 Urban Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.036
7 0.027
12 0.022
2 0.186
7 0.142
12 0.121
2 0.206
7 0.160
12 0.131
2 0.140
7 0.111
12 0.090
2 0.597
7 0.475
12 0.392
2 0.620
7 0.496
12 0.399
2 0.247
7 0.194
12 0.160
2 1.009
7 0.804
12 0.664
2 1.017
7 0.819
12 0.662
2 0.041
7 0.030
12 0.024
2 0.209
7 0.162
12 0.136
2 0.235
7 0.189
12 0.152
2 0.159
7 0.125
12 0.101
2 0.676
7 0.533
12 0.432
2 0.697
7 0.565
12 0.447
2 0.276
7 0.219
12 0.180
2 1.129
7 0.908
12 0.737
3
200
1
7
13
800
1
7
13
1400
1
7
0
0
200
1
7
13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.149
7 0.941
12 0.767
2 0.055
7 0.042
12 0.033
2 0.271
7 0.218
12 0.181
2 0.314
7 0.243
12 0.202
2 0.211
7 0.166
12 0.134
2 0.892
7 0.716
12 0.584
2 0.915
7 0.740
12 0.602
2 0.369
7 0.291
12 0.238
2 1.499
7 1.211
12 0.986
2 1.541
7 1.246
12 1.012
2 0.060
7 0.043
12 0.031
2 0.237
7 0.173
12 0.120
2 0.246
7 0.171
12 0.129
2 0.252
7 0.202
12 0.164
2 1.010
7 0.793
12 0.644
2 1.004
7 0.811
12 0.635
2 0.448
7 0.351
12 0.285
0
3
4 0
200
1
7
13
800
1
7
13
1400 1
200
1
7
13
800
1
7
13
1400
1
7
13
1400 13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.772
7 1.399
12 1.130
2 1.767
7 1.378
12 1.120
2 0.068
7 0.046
12 0.035
2 0.270
7 0.191
12 0.141
2 0.266
7 0.195
12 0.144
2 0.291
7 0.230
12 0.180
2 1.149
7 0.876
12 0.726
2 1.151
7 0.904
12 0.724
2 0.504
7 0.396
12 0.322
2 1.996
7 1.552
12 1.268
2 2.006
7 1.584
12 1.273
2 0.091
7 0.066
12 0.045
2 0.359
7 0.257
12 0.185
2 0.366
7 0.251
12 0.187
2 0.388
7 0.300
12 0.240
2 1.540
7 1.195
12 0.959
2 1.540
7 1.225
12 0.964
13
6
200
1
7
13
800
1
1400
1
7
13
7
4
0 1400
7
13
3
200
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.669
7 0.529
12 0.427
2 2.685
7 2.115
12 1.704
2 2.680
7 2.113
12 1.681
2 0.087
7 0.061
12 0.039
2 0.348
7 0.234
12 0.159
2 0.344
7 0.239
12 0.158
2 0.337
7 0.261
12 0.208
2 1.311
7 1.044
12 0.828
2 1.341
7 1.030
12 0.839
2 0.534
7 0.418
12 0.339
2 2.146
7 1.682
12 1.336
2 2.127
7 1.662
12 1.345
2 0.095
7 0.065
12 0.046
2 0.373
7 0.271
12 0.181
2 0.387
7 0.273
12 0.186
2 0.379
7 0.295
12 0.235
2 1.519
7 1.152
12 0.922
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.502
7 1.161
12 0.931
2 0.602
7 0.476
12 0.380
2 2.391
7 1.865
12 1.512
2 2.362
7 1.854
12 1.510
2 0.125
7 0.091
12 0.060
2 0.512
7 0.362
12 0.240
2 0.511
7 0.345
12 0.244
2 0.505
7 0.393
12 0.314
2 2.006
7 1.533
12 1.249
2 2.015
7 1.538
12 1.257
2 0.808
7 0.632
12 0.497
2 3.211
7 2.482
12 2.002
2 3.177
7 2.505
12 1.981
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix P. 4:1 Urban Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.059
7 0.041
12 0.028
2 0.180
7 0.123
12 0.090
2 0.185
7 0.129
12 0.089
2 0.205
7 0.146
12 0.104
2 0.573
7 0.413
12 0.295
2 0.563
7 0.416
12 0.297
2 0.349
7 0.253
12 0.180
2 0.967
7 0.701
12 0.501
2 0.963
7 0.705
12 0.502
2 0.087
7 0.060
12 0.042
2 0.275
7 0.195
12 0.134
2 0.269
7 0.195
12 0.134
2 0.302
7 0.224
12 0.156
2 0.849
7 0.623
12 0.436
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
6
200
1
7
13
800
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.859
7 0.625
12 0.436
2 0.521
7 0.378
12 0.271
2 1.447
7 1.053
12 0.748
2 1.443
7 1.047
12 0.747
2 0.087
7 0.059
12 0.042
2 0.266
7 0.189
12 0.133
2 0.275
7 0.190
12 0.132
2 0.305
7 0.218
12 0.155
2 0.849
7 0.622
12 0.441
2 0.851
7 0.615
12 0.444
2 0.520
7 0.380
12 0.273
2 1.446
7 1.048
12 0.750
2 1.444
7 1.042
12 0.750
2 0.052
7 0.033
12 0.022
1
7
13
13
7
13
1400
1
7
800
1
13
3 0 200 1
12
200
1
7
130
6
800
1400
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.141
7 0.090
12 0.061
2 0.144
7 0.091
12 0.060
2 0.192
7 0.139
12 0.097
2 0.523
7 0.379
12 0.265
2 0.534
7 0.379
12 0.266
2 0.327
7 0.237
12 0.167
2 0.892
7 0.643
12 0.450
2 0.882
7 0.638
12 0.452
2 0.075
7 0.048
12 0.032
2 0.215
7 0.133
12 0.091
2 0.214
7 0.138
12 0.094
2 0.289
7 0.209
12 0.147
2 0.795
7 0.568
12 0.396
2 0.793
7 0.571
12 0.399
3
0
200
1400
1
7
13
7
13
800
1
7
13
6
200
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.493
7 0.354
12 0.250
2 1.324
7 0.960
12 0.670
2 1.338
7 0.958
12 0.681
2 0.076
7 0.048
12 0.032
2 0.219
7 0.138
12 0.091
2 0.220
7 0.137
12 0.092
2 0.292
7 0.209
12 0.145
2 0.798
7 0.568
12 0.395
2 0.791
7 0.569
12 0.400
2 0.492
7 0.354
12 0.249
2 1.327
7 0.959
12 0.679
2 1.335
7 0.959
12 0.675
2 0.150
7 0.106
12 0.069
2 0.422
7 0.291
12 0.189
3
6 1400
1
7
13
7
13
6 0 200
1
7
1400
1
7
13
12
200
1
7
13
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.428
7 0.288
12 0.192
2 0.583
7 0.418
12 0.297
2 1.573
7 1.154
12 0.787
2 1.575
7 1.144
12 0.800
2 0.958
7 0.689
12 0.486
2 2.582
7 1.868
12 1.316
2 2.562
7 1.853
12 1.321
2 0.227
7 0.151
12 0.101
2 0.628
7 0.434
12 0.292
2 0.635
7 0.419
12 0.285
2 0.873
7 0.624
12 0.448
2 2.377
7 1.707
12 1.217
2 2.349
7 1.702
12 1.212
2 1.445
7 1.034
12 0.727
6
0
200 13
800
1
7
13
1400
1
7
13
7
13
6
200
1
7
13
800
1
1400 1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 3.865
7 2.801
12 1.987
2 3.852
7 2.776
12 1.977
2 0.232
7 0.157
12 0.108
2 0.619
7 0.444
12 0.290
2 0.616
7 0.429
12 0.284
2 0.875
7 0.619
12 0.443
2 2.357
7 1.713
12 1.198
2 2.356
7 1.694
12 1.204
2 1.422
7 1.035
12 0.728
2 3.878
7 2.834
12 1.946
2 3.857
7 2.818
12 1.975
6
6 1400
7
13
12
200
1
7
13
800
1
7
13
1400
1
7
13
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Appendix Q. 6:1 Freeway Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.035
7 0.026
12 0.021
2 0.047
7 0.038
12 0.031
2 0.050
7 0.039
12 0.032
2 0.128
7 0.101
12 0.083
2 0.145
7 0.112
12 0.093
2 0.143
7 0.114
12 0.093
2 0.223
7 0.176
12 0.145
2 0.239
7 0.191
12 0.156
2 0.238
7 0.189
12 0.155
2 0.034
7 0.026
12 0.021
2 0.049
7 0.038
12 0.032
2 0.051
7 0.040
12 0.032
2 0.129
7 0.102
12 0.083
2 0.144
7 0.114
12 0.092
800
2
0
1
7
1400
1
7
13
0
200
1
7
13
13
7
1
200
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.145
7 0.112
12 0.094
2 0.225
7 0.181
12 0.147
2 0.238
7 0.189
12 0.156
2 0.238
7 0.189
12 0.155
2 0.040
7 0.030
12 0.023
2 0.055
7 0.042
12 0.036
2 0.057
7 0.044
12 0.036
2 0.144
7 0.115
12 0.094
2 0.160
7 0.127
12 0.105
2 0.164
7 0.130
12 0.104
2 0.253
7 0.201
12 0.165
2 0.270
7 0.214
12 0.176
2 0.270
7 0.216
12 0.176
2 0.023
7 0.015
12 0.010
2
0
2
3
0 200
1400
800
200
7
13
1
13
1
7
13
1
7
13
1
7
13
1
1400
800
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2 0.025
7 0.018
12 0.013
2 0.027
7 0.019
12 0.014
2 0.107
7 0.080
12 0.063
2 0.108
7 0.084
12 0.067
2 0.110
7 0.083
12 0.067
2 0.183
7 0.146
12 0.115
2 0.184
7 0.147
12 0.118
2 0.188
7 0.146
12 0.121
2 0.024
7 0.016
12 0.010
2 0.025
7 0.017
12 0.013
2 0.026
7 0.019
12 0.014
2 0.107
7 0.082
12 0.063
2 0.111
7 0.084
12 0.068
2 0.111
7 0.085
12 0.068
2
800
200
1400
800
200
0
2
1
7
13
1
7
13
1
7
13
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.186
7 0.142
12 0.116
2 0.187
7 0.149
12 0.120
2 0.188
7 0.146
12 0.119
2 0.026
7 0.017
12 0.012
2 0.029
7 0.021
12 0.015
2 0.029
7 0.022
12 0.015
2 0.122
7 0.090
12 0.070
2 0.121
7 0.094
12 0.075
2 0.123
7 0.096
12 0.076
2 0.209
7 0.161
12 0.132
2 0.210
7 0.163
12 0.133
2 0.209
7 0.164
12 0.134
2 0.026
7 0.017
12 0.012
2 0.027
7 0.017
12 0.012
2
200
1400
800
200
14002
3
03
13
1
7
1
7
13
1
7
1
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.028
7 0.017
12 0.013
2 0.113
7 0.085
12 0.068
2 0.114
7 0.087
12 0.070
2 0.116
7 0.088
12 0.069
2 0.190
7 0.148
12 0.121
2 0.192
7 0.149
12 0.121
2 0.191
7 0.150
12 0.123
2 0.026
7 0.016
12 0.011
2 0.028
7 0.017
12 0.013
2 0.027
7 0.018
12 0.013
2 0.112
7 0.085
12 0.068
2 0.114
7 0.086
12 0.068
2 0.113
7 0.089
12 0.068
2 0.192
7 0.148
12 0.119
1400
800
200
1400
800
200
0
2
3
13
1
13
1
7
13
1
7
13
1
7
13
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.193
7 0.150
12 0.119
2 0.192
7 0.147
12 0.119
2 0.030
7 0.018
12 0.013
2 0.030
7 0.021
12 0.015
2 0.032
7 0.019
12 0.015
2 0.128
7 0.098
12 0.076
2 0.126
7 0.098
12 0.077
2 0.129
7 0.097
12 0.076
2 0.213
7 0.168
12 0.134
2 0.216
7 0.168
12 0.135
2 0.216
7 0.170
12 0.136
3
1400
800
200
14002
3
13
13
1
7
13
1
7
7
13
1
7
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Appendix R. 6:1 Rural Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.007
7 0.005
12 0.003
2 0.008
7 0.005
12 0.004
2 0.008
7 0.005
12 0.004
2 0.024
7 0.017
12 0.012
2 0.025
7 0.018
12 0.013
2 0.025
7 0.018
12 0.013
2 0.042
7 0.030
12 0.022
2 0.043
7 0.031
12 0.022
2 0.043
7 0.031
12 0.022
2 0.007
7 0.005
12 0.004
2 0.009
7 0.006
12 0.004
2 0.009
7 0.006
12 0.004
2 0.027
7 0.019
12 0.014
2 0.028
7 0.020
12 0.014
2 0.028
7 0.021
12 0.015
2 0.047
7 0.034
12 0.024
2 0.048
7 0.035
12 0.025
3
0
800
7
1400
1
7
13
0
200
1
7
1400
1
7
13
1
13
13
7
1
200
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.048
7 0.035
12 0.025
2 0.010
7 0.007
12 0.005
2 0.012
7 0.008
12 0.006
2 0.012
7 0.008
12 0.006
2 0.036
7 0.026
12 0.018
2 0.038
7 0.027
12 0.019
2 0.038
7 0.027
12 0.019
2 0.062
7 0.045
12 0.032
2 0.064
7 0.046
12 0.033
2 0.064
7 0.046
12 0.033
2 0.005
7 0.003
12 0.002
2 0.006
7 0.003
12 0.002
2 0.005
7 0.003
12 0.002
2 0.021
7 0.015
12 0.011
2 0.022
7 0.015
12 0.011
2 0.021
7 0.015
12 0.011
2 0.036
7 0.026
12 0.018
3
0
3
6
0
1400
800
200
1400
800
1
7
13
1
7
13
1
13
1
7
13
200
1400
1
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.036
7 0.026
12 0.018
2 0.036
7 0.026
12 0.018
2 0.006
7 0.004
12 0.002
2 0.006
7 0.004
12 0.002
2 0.006
7 0.004
12 0.002
2 0.024
7 0.017
12 0.012
2 0.024
7 0.017
12 0.012
2 0.024
7 0.017
12 0.012
2 0.041
7 0.029
12 0.021
2 0.041
7 0.029
12 0.021
2 0.040
7 0.030
12 0.021
2 0.008
7 0.005
12 0.003
2 0.008
7 0.005
12 0.003
2 0.008
7 0.005
12 0.003
2 0.032
7 0.023
12 0.016
2 0.032
7 0.023
12 0.016
2 0.033
7 0.023
12 0.016
200
14000
3
6
3
800
200
1400
800
13
1
7
13
1
7
13
1
7
13
1
7
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.054
7 0.039
12 0.027
2 0.054
7 0.039
12 0.027
2 0.054
7 0.039
12 0.028
2 0.016
7 0.010
12 0.007
2 0.016
7 0.010
12 0.007
2 0.016
7 0.010
12 0.007
2 0.063
7 0.045
12 0.032
2 0.064
7 0.045
12 0.032
2 0.063
7 0.046
12 0.032
2 0.103
7 0.074
12 0.052
2 0.104
7 0.074
12 0.052
2 0.105
7 0.074
12 0.052
2 0.018
7 0.012
12 0.008
2 0.018
7 0.012
12 0.008
2 0.018
7 0.011
12 0.007
2 0.072
7 0.051
12 0.035
2 0.071
7 0.051
12 0.036
6
3
200
1400
800
200
14006
0
3 13
1
13
1
7
13
1
7
1
7
7
800
13
1
7
13
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.072
7 0.051
12 0.036
2 0.117
7 0.084
12 0.058
2 0.117
7 0.084
12 0.058
2 0.116
7 0.085
12 0.059
2 0.023
7 0.016
12 0.010
2 0.024
7 0.016
12 0.010
2 0.025
7 0.016
12 0.010
2 0.095
7 0.069
12 0.047
2 0.095
7 0.068
12 0.047
2 0.096
7 0.068
12 0.047
2 0.156
7 0.111
12 0.079
2 0.157
7 0.112
12 0.078
2 0.156
7 0.112
12 0.079
1400
800
200
1400
800
3
6
6
13
1
7
13
13
13
1
7
13
1
7
1
7
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Appendix S. 6:1 Rural Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.014
7 0.010
12 0.008
2 0.019
7 0.015
12 0.012
2 0.019
7 0.015
12 0.013
2 0.050
7 0.040
12 0.032
2 0.055
7 0.044
12 0.036
2 0.055
7 0.045
12 0.036
2 0.086
7 0.070
12 0.056
2 0.093
7 0.074
12 0.060
2 0.094
7 0.074
12 0.061
2 0.015
7 0.011
12 0.009
2 0.021
7 0.016
12 0.014
2 0.022
7 0.017
12 0.014
2 0.056
7 0.044
12 0.036
2 0.062
7 0.050
12 0.040
2 0.063
7 0.050
12 0.041
2 0.098
7 0.078
12 0.064
2 0.102
7 0.083
12 0.067
0
0
200
1400
3
1
7
7
1400
1
7
13
200
1
7
13
800
1
7
13
800
1
7
13
13
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.105
7 0.083
12 0.069
2 0.020
7 0.015
12 0.013
2 0.028
7 0.023
12 0.018
2 0.029
7 0.023
12 0.019
2 0.075
7 0.059
12 0.047
2 0.083
7 0.067
12 0.054
2 0.084
7 0.067
12 0.055
2 0.131
7 0.104
12 0.085
2 0.138
7 0.109
12 0.091
2 0.140
7 0.112
12 0.091
2 0.011
7 0.006
12 0.005
2 0.011
7 0.007
12 0.005
2 0.011
7 0.007
12 0.006
2 0.044
7 0.034
12 0.026
2 0.044
7 0.035
12 0.027
2 0.045
7 0.034
12 0.027
2 0.075
7 0.057
12 0.047
1400
800
200
1400
800
200
14003
6
3
0
0
7
13
1
7
13
1
7
13
1
7
13
1
13
1
7
13
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.074
7 0.059
12 0.047
2 0.074
7 0.058
12 0.047
2 0.012
7 0.007
12 0.005
2 0.012
7 0.008
12 0.006
2 0.013
7 0.008
12 0.006
2 0.050
7 0.039
12 0.030
2 0.050
7 0.039
12 0.031
2 0.051
7 0.039
12 0.030
2 0.083
7 0.065
12 0.052
2 0.084
7 0.067
12 0.053
2 0.084
7 0.067
12 0.054
2 0.016
7 0.010
12 0.007
2 0.016
7 0.010
12 0.008
2 0.016
7 0.011
12 0.008
2 0.066
7 0.051
12 0.040
2 0.067
7 0.052
12 0.041
2 0.067
7 0.051
12 0.041
800
200
1400
800
200
14000
3
3
6
1
7
13
1
7
13
1
7
13
1
7
13
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.110
7 0.087
12 0.070
2 0.112
7 0.087
12 0.072
2 0.111
7 0.088
12 0.071
2 0.031
7 0.022
12 0.015
2 0.030
7 0.021
12 0.015
2 0.030
7 0.022
12 0.015
2 0.129
7 0.100
12 0.079
2 0.128
7 0.099
12 0.080
2 0.129
7 0.099
12 0.080
2 0.208
7 0.164
12 0.132
2 0.206
7 0.165
12 0.131
2 0.208
7 0.165
12 0.131
2 0.035
7 0.024
12 0.018
2 0.034
7 0.025
12 0.018
2 0.034
7 0.024
12 0.017
2 0.143
7 0.112
12 0.091
2 0.143
7 0.112
12 0.090
800
200
1400
800
200
0
3
6
14003 6
13
1
13
1
7
13
1
7
1
7
7
13
1
7
13
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.144
7 0.111
12 0.090
2 0.233
7 0.185
12 0.148
2 0.236
7 0.185
12 0.148
2 0.234
7 0.184
12 0.149
2 0.046
7 0.032
12 0.022
2 0.046
7 0.032
12 0.024
2 0.049
7 0.033
12 0.024
2 0.193
7 0.150
12 0.118
2 0.191
7 0.148
12 0.118
2 0.193
7 0.150
12 0.120
2 0.315
7 0.245
12 0.199
2 0.312
7 0.246
12 0.198
2 0.309
7 0.246
12 0.197
1400
800
200
1400
800
3
6
6
13
1
7
13
13
1
7
13
1
7
13
1
7
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Appendix T. 6:1 Rural Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.058
7 0.040
12 0.028
2 0.066
7 0.046
12 0.032
2 0.067
7 0.046
12 0.032
2 0.210
7 0.149
12 0.107
2 0.215
7 0.156
12 0.109
2 0.217
7 0.156
12 0.110
2 0.352
7 0.261
12 0.185
2 0.361
7 0.265
12 0.187
2 0.366
7 0.262
12 0.189
2 0.078
7 0.051
12 0.035
2 0.079
7 0.057
12 0.040
2 0.083
7 0.057
12 0.039
2 0.260
7 0.188
12 0.131
2 0.267
7 0.195
12 0.138
0
4
800
1
7
1400
1
7
13
0
200
1
7
13
1
7
13
200
800
1
7
13
 
229 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.269
7 0.198
12 0.138
2 0.441
7 0.324
12 0.232
2 0.453
7 0.336
12 0.234
2 0.456
7 0.332
12 0.237
2 0.089
7 0.061
12 0.042
2 0.099
7 0.070
12 0.048
2 0.098
7 0.069
12 0.048
2 0.307
7 0.224
12 0.158
2 0.322
7 0.235
12 0.165
2 0.324
7 0.234
12 0.166
2 0.531
7 0.391
12 0.281
2 0.542
7 0.399
12 0.284
2 0.550
7 0.398
12 0.284
2 0.106
7 0.076
12 0.051
4
8
04
0
200
1400
800
200
1400
800
7
13
1
7
13
1
7
13
1
13
1
7
13
1
 
230 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.111
7 0.078
12 0.053
2 0.117
7 0.079
12 0.052
2 0.433
7 0.310
12 0.216
2 0.429
7 0.314
12 0.219
2 0.439
7 0.310
12 0.221
2 0.736
7 0.524
12 0.373
2 0.723
7 0.531
12 0.379
2 0.732
7 0.533
12 0.375
2 0.143
7 0.095
12 0.061
2 0.147
7 0.096
12 0.065
2 0.144
7 0.097
12 0.065
2 0.530
7 0.385
12 0.270
2 0.542
7 0.390
12 0.276
2 0.540
7 0.389
12 0.273
800
200
1400
800
200
0
4
4
1
7
13
1
7
13
1
7
13
7
13
1
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.914
7 0.659
12 0.470
2 0.921
7 0.668
12 0.470
2 0.913
7 0.671
12 0.463
2 0.167
7 0.115
12 0.077
2 0.170
7 0.117
12 0.077
2 0.172
7 0.114
12 0.079
2 0.650
7 0.464
12 0.330
2 0.640
7 0.470
12 0.326
2 0.650
7 0.465
12 0.332
2 1.099
7 0.787
12 0.561
2 1.098
7 0.795
12 0.568
2 1.098
7 0.799
12 0.569
2 0.155
7 0.102
12 0.068
2 0.161
7 0.104
12 0.070
200
1400
800
200
14004
8
08
4
13
1
7
1
7
13
1
7
1
7
13
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.160
7 0.109
12 0.070
2 0.565
7 0.411
12 0.282
2 0.572
7 0.417
12 0.289
2 0.581
7 0.412
12 0.289
2 0.910
7 0.653
12 0.468
2 0.920
7 0.660
12 0.462
2 0.915
7 0.664
12 0.460
2 0.197
7 0.131
12 0.083
2 0.204
7 0.137
12 0.083
2 0.202
7 0.130
12 0.085
2 0.699
7 0.501
12 0.360
2 0.719
7 0.515
12 0.359
2 0.703
7 0.515
12 0.358
2 1.140
7 0.831
12 0.575
1400
800
200
1400
800
200
0
4
8
13
1
13
1
7
13
1
7
13
1
7
13
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.133
7 0.819
12 0.580
2 1.129
7 0.827
12 0.582
2 0.235
7 0.157
12 0.096
2 0.241
7 0.163
12 0.103
2 0.245
7 0.160
12 0.099
2 0.847
7 0.613
12 0.428
2 0.850
7 0.616
12 0.441
2 0.858
7 0.618
12 0.433
2 1.350
7 0.981
12 0.692
2 1.359
7 0.995
12 0.700
2 1.363
7 0.988
12 0.692
1400
800
200
14004
8
8
13
13
1
7
13
1
7
7
13
1
7
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Appendix U. 6:1 Urban Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.007
7 0.005
12 0.004
2 0.008
7 0.006
12 0.004
2 0.008
7 0.006
12 0.004
2 0.026
7 0.019
12 0.014
2 0.028
7 0.020
12 0.014
2 0.028
7 0.020
12 0.014
2 0.046
7 0.034
12 0.024
2 0.047
7 0.034
12 0.024
2 0.047
7 0.034
12 0.024
2 0.008
7 0.006
12 0.004
2 0.009
7 0.007
12 0.005
2 0.009
7 0.007
12 0.005
2 0.030
7 0.021
12 0.015
2 0.031
7 0.023
12 0.016
2 0.031
7 0.023
12 0.016
2 0.052
7 0.038
12 0.027
2 0.053
7 0.039
12 0.027
1400
1
7
200
1
7
13
800
1
7
13
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
3
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.053
7 0.039
12 0.027
2 0.011
7 0.008
12 0.005
2 0.013
7 0.009
12 0.006
2 0.013
7 0.009
12 0.006
2 0.040
7 0.029
12 0.020
2 0.042
7 0.030
12 0.021
2 0.042
7 0.030
12 0.021
2 0.070
7 0.051
12 0.036
2 0.071
7 0.051
12 0.036
2 0.071
7 0.052
12 0.037
2 0.012
7 0.008
12 0.005
2 0.012
7 0.008
12 0.005
2 0.012
7 0.008
12 0.005
2 0.050
7 0.036
12 0.025
2 0.050
7 0.036
12 0.025
2 0.050
7 0.036
12 0.025
2 0.086
7 0.061
12 0.044
1
7
13
4 0
200
1
7
13
800
1400 1
13
800
1
7
13
0
3 1400 13
6
200
1
1400
1
7
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.086
7 0.062
12 0.043
2 0.086
7 0.062
12 0.043
2 0.013
7 0.009
12 0.006
2 0.014
7 0.009
12 0.006
2 0.014
7 0.009
12 0.006
2 0.056
7 0.040
12 0.028
2 0.056
7 0.040
12 0.028
2 0.057
7 0.040
12 0.028
2 0.097
7 0.069
12 0.049
2 0.098
7 0.070
12 0.049
2 0.097
7 0.069
12 0.049
2 0.018
7 0.012
12 0.008
2 0.018
7 0.012
12 0.008
2 0.019
7 0.012
12 0.008
2 0.074
7 0.053
12 0.037
2 0.076
7 0.054
12 0.037
2 0.075
7 0.053
12 0.038
7
13
800
1
800
1
7
13
13
13
6
200
1
7
13
7
13
1400
1
7
3
200
1
4
0 1400
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.130
7 0.093
12 0.065
2 0.129
7 0.093
12 0.066
2 0.129
7 0.093
12 0.065
2 0.017
7 0.011
12 0.007
2 0.017
7 0.011
12 0.007
2 0.018
7 0.011
12 0.007
2 0.067
7 0.047
12 0.033
2 0.066
7 0.047
12 0.033
2 0.066
7 0.047
12 0.033
2 0.106
7 0.075
12 0.053
2 0.105
7 0.075
12 0.053
2 0.107
7 0.076
12 0.053
2 0.019
7 0.012
12 0.008
2 0.019
7 0.013
12 0.008
2 0.020
7 0.012
12 0.008
2 0.074
7 0.053
12 0.037
2 0.075
7 0.053
12 0.037
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.074
7 0.054
12 0.037
2 0.118
7 0.086
12 0.060
2 0.120
7 0.085
12 0.060
2 0.119
7 0.085
12 0.059
2 0.027
7 0.017
12 0.010
2 0.026
7 0.017
12 0.011
2 0.026
7 0.017
12 0.010
2 0.099
7 0.071
12 0.049
2 0.100
7 0.071
12 0.049
2 0.099
7 0.071
12 0.050
2 0.160
7 0.113
12 0.080
2 0.158
7 0.113
12 0.079
2 0.159
7 0.114
12 0.080
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix V. 6:1 Urban Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.014
7 0.011
12 0.009
2 0.019
7 0.016
12 0.013
2 0.020
7 0.016
12 0.013
2 0.054
7 0.043
12 0.035
2 0.060
7 0.047
12 0.039
2 0.060
7 0.048
12 0.039
2 0.095
7 0.075
12 0.062
2 0.100
7 0.079
12 0.065
2 0.101
7 0.081
12 0.066
2 0.016
7 0.013
12 0.010
2 0.022
7 0.018
12 0.014
2 0.023
7 0.018
12 0.015
2 0.062
7 0.049
12 0.039
2 0.067
7 0.053
12 0.043
2 0.068
7 0.054
12 0.044
2 0.106
7 0.085
12 0.070
2 0.112
7 0.090
12 0.073
3
200
1
7
13
800
1
7
13
1400
1
7
0
0
200
1
7
13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.115
7 0.091
12 0.074
2 0.022
7 0.016
12 0.013
2 0.029
7 0.023
12 0.019
2 0.031
7 0.024
12 0.020
2 0.082
7 0.064
12 0.052
2 0.089
7 0.071
12 0.059
2 0.091
7 0.072
12 0.058
2 0.142
7 0.112
12 0.092
2 0.150
7 0.120
12 0.098
2 0.151
7 0.121
12 0.098
2 0.023
7 0.017
12 0.011
2 0.023
7 0.017
12 0.012
2 0.023
7 0.017
12 0.013
2 0.097
7 0.078
12 0.063
2 0.099
7 0.078
12 0.062
2 0.100
7 0.078
12 0.062
2 0.171
7 0.136
12 0.109
0
3
4 0
200
1
7
13
800
1
7
13
1400 1
200
1
7
13
800
1
7
13
1400
1
7
13
1400 13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.171
7 0.136
12 0.110
2 0.172
7 0.138
12 0.108
2 0.026
7 0.018
12 0.014
2 0.027
7 0.019
12 0.014
2 0.027
7 0.020
12 0.014
2 0.112
7 0.088
12 0.070
2 0.110
7 0.087
12 0.070
2 0.111
7 0.088
12 0.070
2 0.194
7 0.152
12 0.124
2 0.192
7 0.152
12 0.122
2 0.193
7 0.155
12 0.124
2 0.035
7 0.025
12 0.017
2 0.035
7 0.025
12 0.018
2 0.035
7 0.026
12 0.019
2 0.148
7 0.114
12 0.092
2 0.149
7 0.117
12 0.094
2 0.149
7 0.119
12 0.093
13
6
200
1
7
13
800
1
1400
1
7
13
7
4
0 1400
7
13
3
200
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.260
7 0.202
12 0.163
2 0.259
7 0.202
12 0.166
2 0.256
7 0.205
12 0.163
2 0.033
7 0.023
12 0.016
2 0.032
7 0.023
12 0.016
2 0.034
7 0.023
12 0.016
2 0.130
7 0.100
12 0.081
2 0.131
7 0.101
12 0.082
2 0.130
7 0.101
12 0.080
2 0.205
7 0.161
12 0.132
2 0.208
7 0.161
12 0.130
2 0.208
7 0.163
12 0.130
2 0.038
7 0.026
12 0.018
2 0.038
7 0.025
12 0.018
2 0.038
7 0.027
12 0.018
2 0.146
7 0.112
12 0.091
2 0.145
7 0.114
12 0.092
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.147
7 0.113
12 0.092
2 0.232
7 0.180
12 0.147
2 0.233
7 0.182
12 0.146
2 0.231
7 0.182
12 0.148
2 0.051
7 0.034
12 0.024
2 0.050
7 0.034
12 0.023
2 0.051
7 0.034
12 0.023
2 0.196
7 0.151
12 0.122
2 0.194
7 0.152
12 0.120
2 0.196
7 0.151
12 0.120
2 0.312
7 0.241
12 0.195
2 0.308
7 0.243
12 0.198
2 0.312
7 0.241
12 0.196
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix W. Guardrail Freeway Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.691
7 1.160
12 0.917
2 2.285
7 1.647
12 1.409
2 2.479
7 1.766
12 1.384
2 4.974
7 4.150
12 3.282
2 5.866
7 4.561
12 3.584
2 6.483
7 4.859
12 3.919
2 8.743
7 6.724
12 5.261
2 9.282
7 7.487
12 5.979
2 10.007
7 8.115
12 6.589
2 1.544
7 1.042
12 0.944
2 2.281
7 1.642
12 1.229
2 2.427
7 1.823
12 1.407
2 4.970
7 3.915
12 3.142
2 5.986
7 4.531
12 3.558
7
2
200
1
7
13
800
1
1400
1
7
13
1
7
13
0
0
200
1
7
13
800
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 6.337
7 4.949
12 3.901
2 8.698
7 6.832
12 5.430
2 9.527
7 7.258
12 5.949
2 9.845
7 7.869
12 6.529
2 1.807
7 1.329
12 1.022
2 2.690
7 1.700
12 1.445
2 2.765
7 2.212
12 1.590
2 5.625
7 4.451
12 3.559
2 6.654
7 5.044
12 4.070
2 7.136
7 5.273
12 4.444
2 9.724
7 7.567
12 6.508
2 10.630
7 8.362
12 6.998
2 11.316
7 8.826
12 7.029
2 1.390
7 1.006
12 0.862
13
2 0 200 1
7
13
1400
1
7
3
200
1
7
13
800
1
1
7
13
0
2
800 13
1400
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.996
7 1.350
12 1.046
2 2.158
7 1.541
12 1.185
2 4.668
7 3.740
12 2.812
2 5.519
7 4.238
12 3.301
2 5.792
7 4.325
12 3.461
2 7.942
7 6.099
12 5.072
2 8.831
7 6.977
12 5.418
2 9.269
7 7.002
12 5.898
2 1.402
7 1.095
12 0.807
2 2.146
7 1.458
12 1.141
2 2.181
7 1.636
12 1.204
2 4.719
7 3.732
12 2.999
2 5.357
7 4.147
12 3.354
2 5.669
7 4.299
12 3.391
7
13
2
200
1
7
13
800
1
1400
1
7
13
7
13
800
1
7
13
2
0
200
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.076
7 6.215
12 5.036
2 8.945
7 6.742
12 5.557
2 9.204
7 7.111
12 5.722
2 1.627
7 1.134
12 0.940
2 2.277
7 1.597
12 1.290
2 2.533
7 1.902
12 1.349
2 5.255
7 4.230
12 3.436
2 5.980
7 4.671
12 3.804
2 6.518
7 4.903
12 4.066
2 9.032
7 6.804
12 5.692
2 9.803
7 7.592
12 6.172
2 10.501
7 8.010
12 6.690
2 1.741
7 1.163
12 0.973
2 2.495
7 1.694
12 1.255
3 0 200
1
7
1400
1
7
13
13
800
1
7
13
7
13
3
200
1
7
2
2 1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 2.738
7 1.932
12 1.420
2 5.449
7 4.213
12 3.457
2 6.278
7 4.700
12 3.836
2 6.487
7 4.997
12 3.962
2 9.455
7 7.100
12 5.815
2 10.233
7 7.779
12 6.309
2 10.376
7 7.945
12 6.512
2 1.718
7 1.208
12 1.020
2 2.297
7 1.773
12 1.313
2 2.544
7 1.789
12 1.386
2 5.541
7 4.261
12 3.438
2 6.234
7 4.722
12 3.736
2 6.404
7 4.922
12 3.735
2 9.635
7 7.404
12 5.760
7
13
1400 1
2
200
1
7
13
800
1
13
1400
1
7
13
3
0
200 13
800
1
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 10.072
7 7.929
12 6.378
2 10.449
7 8.171
12 6.440
2 2.006
7 1.324
12 1.087
2 2.704
7 1.773
12 1.466
2 2.961
7 2.122
12 1.628
2 6.092
7 4.696
12 3.889
2 7.056
7 5.419
12 4.168
2 7.532
7 5.599
12 4.458
2 10.548
7 8.056
12 6.617
2 11.526
7 8.939
12 7.348
2 11.641
7 9.153
12 7.038
13
1400
1
7
13
7
13
800
1
7
3
2 1400
7
13
3
200
1
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Appendix X. Guardrail Rural Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.453
7 0.324
12 0.194
2 0.659
7 0.429
12 0.294
2 0.715
7 0.496
12 0.319
2 1.551
7 1.027
12 0.804
2 1.754
7 1.234
12 0.824
2 1.803
7 1.316
12 0.922
2 2.519
7 1.873
12 1.321
2 2.740
7 1.995
12 1.424
2 3.066
7 2.025
12 1.504
2 0.554
7 0.377
12 0.235
2 0.767
7 0.487
12 0.340
2 0.832
7 0.537
12 0.352
2 1.672
7 1.231
12 0.856
2 1.974
7 1.324
12 0.972
2 1.975
7 1.445
12 1.016
2 2.799
7 1.987
12 1.452
2 3.274
7 2.190
12 1.624
1400
1
7
200
1
7
13
800
1
7
13
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
3
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 3.275
7 2.346
12 1.642
2 0.712
7 0.489
12 0.333
2 0.993
7 0.667
12 0.428
2 1.163
7 0.764
12 0.471
2 2.208
7 1.626
12 1.124
2 2.610
7 1.771
12 1.296
2 2.732
7 1.900
12 1.341
2 3.928
7 2.801
12 1.985
2 4.102
7 3.001
12 2.127
2 4.313
7 3.156
12 2.164
2 0.518
7 0.348
12 0.239
2 0.777
7 0.491
12 0.323
2 0.826
7 0.516
12 0.349
2 1.604
7 1.184
12 0.840
2 1.831
7 1.314
12 0.919
2 1.934
7 1.377
12 0.980
2 2.758
7 2.026
12 1.414
1
7
13
3 0
200
1
7
13
800
1400 1
13
800
1
7
13
0
3 1400 13
6
200
1
1400
1
7
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 3.008
7 2.149
12 1.496
2 3.086
7 2.249
12 1.594
2 0.655
7 0.413
12 0.303
2 0.836
7 0.537
12 0.369
2 0.927
7 0.611
12 0.415
2 1.812
7 1.377
12 0.924
2 2.135
7 1.476
12 1.066
2 2.261
7 1.558
12 1.105
2 3.103
7 2.284
12 1.525
2 3.426
7 2.356
12 1.695
2 3.515
7 2.562
12 1.745
2 0.782
7 0.499
12 0.339
2 1.128
7 0.710
12 0.453
2 1.251
7 0.808
12 0.531
2 2.523
7 1.817
12 1.226
2 2.833
7 1.903
12 1.385
2 2.989
7 2.094
12 1.500
7
13
800
1
800
1
7
13
13
13
6
200
1
7
13
7
13
1400
1
7
3
200
1
3
0 1400
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 4.189
7 2.975
12 2.070
2 4.578
7 3.310
12 2.290
2 4.667
7 3.355
12 2.355
2 1.964
7 1.327
12 0.869
2 2.778
7 1.766
12 1.248
2 3.154
7 2.079
12 1.298
2 6.199
7 4.319
12 3.096
2 6.944
7 4.600
12 3.446
2 7.382
7 5.013
12 3.525
2 10.271
7 7.348
12 5.238
2 11.355
7 7.872
12 5.519
2 11.950
7 8.033
12 5.794
2 2.153
7 1.504
12 1.085
2 3.225
7 2.074
12 1.363
2 3.434
7 2.288
12 1.539
2 6.897
7 4.700
12 3.338
2 8.231
7 5.430
12 3.812
800
1
7
13
3
200
1
7
13
0
200
1
7
13
3 6 1400
1
7
13
6
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.373
7 5.770
12 3.931
2 11.994
7 8.408
12 5.847
2 12.703
7 8.864
12 6.357
2 13.251
7 9.463
12 6.616
2 3.021
7 1.865
12 1.355
2 4.477
7 2.818
12 1.831
2 4.562
7 3.158
12 2.060
2 8.838
7 6.716
12 4.428
2 10.267
7 6.912
12 5.153
2 10.912
7 7.766
12 5.491
2 15.714
7 11.259
12 7.792
2 17.213
7 12.500
12 8.481
2 17.353
7 12.474
12 8.643
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
6
3
800 13
1400
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Appendix Y. Guardrail Rural Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.993
7 0.633
12 0.594
2 1.410
7 0.983
12 0.808
2 1.635
7 1.182
12 0.874
2 3.205
7 2.489
12 1.888
2 3.637
7 2.873
12 2.256
2 3.876
7 3.001
12 2.392
2 5.315
7 4.210
12 3.443
2 5.956
7 4.684
12 3.597
2 5.955
7 4.967
12 3.963
2 1.075
7 0.845
12 0.613
2 1.506
7 1.055
12 0.920
2 1.791
7 1.352
12 0.997
2 3.376
7 2.792
12 2.361
2 4.038
7 3.058
12 2.485
2 4.437
7 3.214
12 2.646
2 5.926
7 4.697
12 3.906
2 6.691
7 5.166
12 4.184
3
200
1
7
13
800
1
7
13
1400
1
7
0
0
200
1
7
13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 6.789
7 5.460
12 4.416
2 1.489
7 1.087
12 0.788
2 2.238
7 1.461
12 1.117
2 2.363
7 1.618
12 1.278
2 4.569
7 3.681
12 3.042
2 5.526
7 4.094
12 3.320
2 5.991
7 4.420
12 3.810
2 8.022
7 6.519
12 4.879
2 8.744
7 6.847
12 5.713
2 9.102
7 7.307
12 5.973
2 1.039
7 0.750
12 0.569
2 1.421
7 1.061
12 0.793
2 1.629
7 1.174
12 0.875
2 3.254
7 2.676
12 2.105
2 3.819
7 2.822
12 2.355
2 4.034
7 2.884
12 2.467
2 5.842
7 4.496
12 3.765
0
3
3 0
200
1
7
13
800
1
7
13
1400 1
200
1
7
13
800
1
7
13
1400
1
7
13
1400 13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 6.072
7 4.868
12 4.028
2 6.208
7 4.938
12 3.910
2 1.193
7 0.836
12 0.623
2 1.786
7 1.190
12 0.895
2 1.852
7 1.219
12 0.937
2 3.799
7 2.905
12 2.310
2 4.304
7 3.304
12 2.689
2 4.406
7 3.467
12 2.757
2 6.512
7 4.957
12 4.059
2 7.080
7 5.349
12 4.335
2 7.128
7 5.662
12 4.624
2 1.539
7 1.125
12 0.890
2 2.278
7 1.496
12 1.216
2 2.543
7 1.735
12 1.293
2 5.086
7 3.853
12 3.229
2 5.780
7 4.397
12 3.416
2 5.876
7 4.709
12 3.645
13
6
200
1
7
13
800
1
1400
1
7
13
7
3
0 1400
7
13
3
200
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.544
7 6.702
12 5.471
2 9.289
7 7.093
12 5.815
2 9.811
7 7.528
12 6.068
2 3.850
7 2.643
12 2.067
2 5.208
7 3.471
12 2.767
2 5.565
7 3.822
12 2.995
2 11.565
7 9.145
12 7.582
2 13.679
7 10.481
12 8.152
2 13.655
7 10.642
12 8.502
2 20.223
7 15.510
12 12.841
2 20.966
7 16.947
12 13.547
2 22.687
7 17.575
12 13.633
2 4.361
7 2.883
12 2.315
2 5.268
7 3.962
12 3.056
2 6.157
7 4.435
12 3.374
2 13.684
7 10.293
12 8.101
2 15.610
7 11.634
12 9.100
800
1
7
13
3
200
1
7
13
0
200
1
7
13
3 6 1400
1
7
13
6
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 15.403
7 11.707
12 9.568
2 23.399
7 17.764
12 14.711
2 25.684
7 19.566
12 15.436
2 25.079
7 19.231
12 15.673
2 5.421
7 3.855
12 3.084
2 8.024
7 5.579
12 4.395
2 8.413
7 5.960
12 4.319
2 18.005
7 13.042
12 11.502
2 19.985
7 15.193
12 12.139
2 21.384
7 16.021
12 12.792
2 30.665
7 23.389
12 18.647
2 32.627
7 25.000
12 20.498
2 33.379
7 25.575
12 21.623
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
6
3
800 13
1400
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Appendix Z. Guardrail Rural Local Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 4.632
7 3.188
12 2.265
2 7.030
7 4.552
12 3.044
2 7.680
7 5.566
12 3.583
2 13.752
7 10.652
12 7.369
2 16.537
7 12.478
12 8.274
2 17.646
7 12.871
12 9.096
2 24.315
7 18.086
12 12.771
2 27.937
7 19.166
12 13.764
2 27.883
7 21.128
12 14.240
2 5.969
7 4.451
12 2.942
2 8.622
7 5.691
12 3.903
2 9.066
7 6.497
12 4.601
2 18.186
7 13.255
12 9.482
2 20.996
7 14.777
12 10.733
7
200
1
7
13
800
1
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
4
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 22.636
7 16.501
12 10.726
2 31.140
7 22.284
12 15.673
2 33.947
7 24.162
12 17.386
2 35.126
7 25.765
12 18.070
2 7.041
7 5.116
12 3.369
2 10.796
7 7.111
12 4.694
2 12.166
7 7.914
12 5.646
2 22.190
7 15.802
12 11.336
2 25.210
7 17.217
12 12.335
2 26.629
7 18.743
12 13.302
2 36.024
7 26.256
12 18.523
2 39.563
7 30.035
12 20.493
2 42.682
7 30.568
12 22.111
2 12.332
7 8.478
12 6.341
4 0 200 1
8
200
1
7
130
4
800
1400
7
13
1400
1
7
800
1
13
1
7
13
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 18.689
7 12.296
12 8.618
2 20.744
7 15.114
12 9.620
2 39.760
7 28.451
12 20.028
2 44.976
7 30.998
12 21.354
2 48.569
7 34.615
12 23.685
2 63.035
7 45.918
12 33.060
2 72.085
7 49.950
12 36.341
2 76.223
7 55.014
12 37.042
2 16.192
7 10.652
12 7.590
2 23.130
7 15.866
12 10.775
2 26.325
7 18.155
12 12.683
2 47.198
7 35.704
12 23.979
2 55.900
7 39.385
12 28.553
2 59.724
7 42.257
12 30.217
7
13
4
200
1
7
13
800
1
7
13
7
13
800
1
7
13
4
0
200
1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 82.691
7 57.293
12 41.181
2 90.353
7 64.669
12 45.178
2 93.248
7 66.942
12 47.234
2 19.138
7 13.002
12 9.748
2 29.147
7 19.999
12 11.855
2 30.752
7 21.212
12 14.694
2 58.443
7 39.834
12 28.244
2 67.996
7 47.633
12 33.483
2 68.293
7 50.263
12 35.870
2 94.826
7 70.234
12 50.609
2 105.961
7 75.923
12 55.441
2 110.311
7 79.624
12 55.414
2 23.112
7 15.908
12 10.441
2 34.553
7 24.187
12 16.565
13
800
1
8 0 200
1
7
1400
1
7
13
8
200
1
7
4
4 1400
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 39.491
7 25.284
12 18.906
2 70.847
7 50.011
12 36.306
2 85.211
7 57.951
12 41.674
2 87.503
7 62.883
12 44.022
2 121.997
7 85.968
12 60.582
2 138.441
7 95.522
12 66.053
2 139.000
7 100.406
12 69.126
2 28.120
7 20.361
12 13.188
2 43.114
7 29.014
12 19.748
2 48.541
7 31.903
12 22.492
2 90.153
7 64.425
12 45.696
2 103.842
7 70.677
12 51.789
2 110.546
7 79.977
12 54.431
2 149.448
7 105.998
12 76.239
7
13
4
200
1
7
13
800
1
1400 1
8
0
200 13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 170.211
7 119.056
12 83.480
2 184.570
7 128.995
12 86.272
2 34.773
7 23.686
12 16.644
2 52.268
7 36.266
12 23.266
2 58.643
7 39.535
12 26.508
2 105.729
7 76.293
12 55.598
2 125.835
7 88.474
12 60.418
2 130.538
7 95.709
12 65.928
2 184.573
7 132.285
12 88.622
2 201.700
7 137.197
12 99.997
2 208.945
7 151.200
12 106.857
13
1400
1
7
13
8
4 1400
7
13
8
200
1
7
13
800
1
7
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Appendix AA. Guardrail Urban Arterial Undivided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.423
7 0.299
12 0.200
2 0.606
7 0.396
12 0.273
2 0.630
7 0.425
12 0.294
2 1.316
7 0.938
12 0.674
2 1.535
7 1.102
12 0.735
2 1.586
7 1.093
12 0.801
2 2.200
7 1.660
12 1.146
2 2.522
7 1.781
12 1.227
2 2.525
7 1.860
12 1.307
2 0.470
7 0.316
12 0.223
2 0.652
7 0.442
12 0.303
2 0.709
7 0.463
12 0.335
2 1.471
7 1.080
12 0.773
2 1.720
7 1.213
12 0.865
2 1.782
7 1.293
12 0.892
2 2.539
7 1.774
12 1.332
2 2.789
7 1.926
12 1.372
1400
1
7
200
1
7
13
800
1
7
13
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
3
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 2.845
7 2.050
12 1.444
2 0.647
7 0.422
12 0.293
2 0.909
7 0.589
12 0.391
2 0.999
7 0.659
12 0.462
2 2.028
7 1.456
12 1.000
2 2.300
7 1.639
12 1.140
2 2.454
7 1.716
12 1.194
2 3.313
7 2.398
12 1.773
2 3.712
7 2.685
12 1.901
2 3.915
7 2.708
12 2.007
2 1.045
7 0.691
12 0.483
2 1.481
7 1.008
12 0.651
2 1.602
7 1.034
12 0.719
2 3.285
7 2.315
12 1.678
2 3.779
7 2.637
12 1.843
2 3.927
7 2.755
12 1.916
2 5.508
7 3.899
12 2.818
1
7
13
4 0
200
1
7
13
800
1400 1
13
800
1
7
13
0
3 1400 13
6
200
1
1400
1
7
13
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 6.030
7 4.272
12 3.011
2 6.260
7 4.406
12 3.121
2 1.157
7 0.780
12 0.504
2 1.632
7 1.096
12 0.740
2 1.803
7 1.222
12 0.785
2 3.687
7 2.683
12 1.886
2 4.263
7 2.973
12 2.108
2 4.375
7 3.059
12 2.164
2 6.192
7 4.422
12 3.178
2 6.766
7 4.857
12 3.308
2 6.938
7 4.943
12 3.487
2 1.570
7 1.018
12 0.693
2 2.243
7 1.420
12 0.984
2 2.406
7 1.629
12 1.095
2 4.896
7 3.489
12 2.450
2 5.757
7 3.936
12 2.710
2 5.997
7 4.107
12 2.815
7
13
800
1
800
1
7
13
13
13
6
200
1
7
13
7
13
1400
1
7
3
200
1
4
0 1400
7
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 8.327
7 5.994
12 4.296
2 8.909
7 6.393
12 4.494
2 9.068
7 6.526
12 4.583
2 1.830
7 1.178
12 0.829
2 2.678
7 1.734
12 1.166
2 2.902
7 1.905
12 1.281
2 5.791
7 4.047
12 2.912
2 6.757
7 4.539
12 3.211
2 6.935
7 4.841
12 3.464
2 9.793
7 6.940
12 5.018
2 10.627
7 7.465
12 5.249
2 10.882
7 7.891
12 5.427
2 1.956
7 1.341
12 0.939
2 3.057
7 1.978
12 1.263
2 3.235
7 2.154
12 1.432
2 6.457
7 4.550
12 3.192
2 7.528
7 5.220
12 3.561
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 7.692
7 5.344
12 3.713
2 10.968
7 7.879
12 5.484
2 11.909
7 8.471
12 5.940
2 12.387
7 8.623
12 6.174
2 2.788
7 1.902
12 1.216
2 4.086
7 2.605
12 1.679
2 4.287
7 2.970
12 1.878
2 8.530
7 5.979
12 4.421
2 10.000
7 6.899
12 4.767
2 10.370
7 7.261
12 5.008
2 14.914
7 10.238
12 7.340
2 15.952
7 11.227
12 7.951
2 16.404
7 11.660
12 8.035
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix BB. Guardrail Urban Arterial Divided Coefficients 
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 0.881
7 0.623
12 0.453
2 1.289
7 0.865
12 0.674
2 1.346
7 0.992
12 0.743
2 2.733
7 2.098
12 1.720
2 3.291
7 2.450
12 1.936
2 3.393
7 2.631
12 2.045
2 4.649
7 3.709
12 2.913
2 5.126
7 3.923
12 3.267
2 5.402
7 4.119
12 3.436
2 0.944
7 0.690
12 0.548
2 1.345
7 0.976
12 0.755
2 1.428
7 1.066
12 0.863
2 2.969
7 2.513
12 1.878
2 3.470
7 2.770
12 2.178
2 3.805
7 2.898
12 2.359
2 5.049
7 4.098
12 3.292
2 5.724
7 4.360
12 3.664
3
200
1
7
13
800
1
7
13
1400
1
7
0
0
200
1
7
13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 5.895
7 4.726
12 3.894
2 1.274
7 0.928
12 0.675
2 1.811
7 1.311
12 1.031
2 2.088
7 1.447
12 1.126
2 4.050
7 3.175
12 2.596
2 4.588
7 3.637
12 2.972
2 5.116
7 3.853
12 3.179
2 7.018
7 5.445
12 4.452
2 7.676
7 6.058
12 4.818
2 7.953
7 6.263
12 5.098
2 2.037
7 1.469
12 1.132
2 2.812
7 2.055
12 1.520
2 3.085
7 2.160
12 1.656
2 6.471
7 5.043
12 4.028
2 7.389
7 5.603
12 4.546
2 7.864
7 5.835
12 4.558
2 10.856
7 8.545
12 6.976
0
3
4 0
200
1
7
13
800
1
7
13
1400 1
200
1
7
13
800
1
7
13
1400
1
7
13
1400 13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 11.816
7 9.244
12 7.328
2 12.093
7 9.611
12 7.656
2 2.198
7 1.565
12 1.281
2 3.094
7 2.300
12 1.689
2 3.449
7 2.454
12 1.931
2 7.361
7 5.711
12 4.415
2 8.326
7 6.395
12 5.032
2 8.517
7 6.426
12 5.267
2 12.341
7 9.683
12 7.897
2 13.669
7 10.150
12 8.256
2 13.488
7 10.839
12 8.533
2 2.983
7 2.251
12 1.646
2 4.413
7 2.936
12 2.338
2 4.586
7 3.218
12 2.419
2 9.991
7 7.536
12 6.275
2 10.784
7 8.457
12 6.798
2 11.503
7 9.184
12 6.905
13
6
200
1
7
13
800
1
1400
1
7
13
7
4
0 1400
7
13
3
200
1
7
13
800
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 16.288
7 12.782
12 10.169
2 17.791
7 13.732
12 11.176
2 17.997
7 14.074
12 11.118
2 3.358
7 2.344
12 1.679
2 4.682
7 3.270
12 2.623
2 4.979
7 3.675
12 2.639
2 10.788
7 8.181
12 6.545
2 12.402
7 8.844
12 7.198
2 12.872
7 9.568
12 7.627
2 17.987
7 13.885
12 11.286
2 19.741
7 15.050
12 12.166
2 19.692
7 16.012
12 12.609
2 3.686
7 2.609
12 2.120
2 5.404
7 3.573
12 2.818
2 5.590
7 3.893
12 2.977
2 11.824
7 9.425
12 7.549
2 13.542
7 10.670
12 8.334
800
1
7
13
3
200
1
7
13
0
200
1
7
13
4 6 1400
1
7
13
8
7
13
1400
1
7
800
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 14.078
7 10.771
12 8.633
2 20.430
7 16.123
12 13.166
2 22.172
7 17.167
12 13.985
2 22.829
7 17.625
12 14.065
2 4.950
7 3.430
12 2.799
2 7.268
7 4.845
12 3.630
2 7.538
7 5.466
12 4.112
2 16.107
7 12.407
12 9.886
2 18.685
7 13.549
12 11.056
2 18.626
7 13.777
12 11.407
2 27.295
7 21.310
12 17.628
2 29.634
7 22.396
12 18.489
2 30.038
7 23.567
12 19.241
6
200
1
7
13
800
1
13
7
13
1400
1
7
1
7
13
8
3
800 13
1400
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Appendix CC. Guardrail Urban Local Coefficients 
 
 
 
 
 
285 
 
 
Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 1.710
7 1.198
12 0.852
2 2.428
7 1.597
12 1.173
2 2.706
7 1.865
12 1.307
2 5.196
7 3.627
12 2.520
2 6.037
7 4.394
12 2.952
2 6.349
7 4.323
12 3.241
2 8.655
7 6.159
12 4.555
2 9.748
7 6.900
12 4.992
2 10.071
7 7.308
12 5.172
2 2.635
7 1.892
12 1.194
2 3.832
7 2.487
12 1.700
2 3.935
7 2.794
12 1.940
2 7.755
7 5.530
12 3.884
2 9.256
7 6.569
12 4.605
7
200
1
7
13
800
1
0
0
200
1
7
13
800
1400
1
7
13
1
7
13
6
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 9.448
7 6.897
12 4.913
2 12.619
7 9.807
12 6.729
2 14.518
7 10.553
12 7.310
2 15.381
7 10.892
12 7.585
2 2.308
7 1.833
12 1.164
2 3.526
7 2.488
12 1.704
2 4.163
7 2.812
12 1.906
2 7.633
7 6.151
12 4.037
2 8.698
7 6.574
12 4.439
2 9.773
7 6.843
12 4.861
2 12.635
7 9.613
12 6.765
2 14.226
7 10.167
12 7.241
2 14.901
7 11.110
12 7.840
2 2.044
7 1.354
12 0.923
3 0 200 1
12
200
1
7
130
6
800
1400
7
13
1400
1
7
800
1
13
1
7
13
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 2.977
7 1.900
12 1.348
2 3.220
7 2.205
12 1.472
2 6.048
7 4.412
12 3.075
2 6.775
7 5.085
12 3.454
2 7.297
7 5.203
12 3.690
2 9.962
7 7.363
12 5.166
2 11.125
7 7.866
12 5.571
2 11.636
7 8.292
12 5.817
2 2.913
7 1.948
12 1.393
2 4.384
7 2.930
12 1.964
2 5.103
7 3.252
12 2.137
2 9.112
7 6.463
12 4.600
2 10.734
7 7.206
12 5.067
2 11.001
7 7.822
12 5.489
7
13
6
200
1
7
13
800
1
7
13
7
13
800
1
7
13
3
0
200
1400
1
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 14.908
7 10.699
12 7.684
2 16.536
7 12.080
12 8.318
2 17.227
7 12.262
12 8.721
2 2.966
7 2.027
12 1.474
2 4.426
7 2.838
12 1.983
2 4.947
7 3.280
12 2.269
2 9.170
7 6.324
12 4.645
2 10.644
7 7.463
12 5.144
2 10.988
7 7.905
12 5.451
2 15.244
7 10.575
12 7.538
2 16.541
7 12.134
12 8.485
2 16.568
7 12.343
12 8.797
2 8.084
7 5.324
12 3.653
2 12.187
7 7.958
12 5.515
13
800
1
6 0 200
1
7
1400
1
7
13
12
200
1
7
3
6 1400
1
7
13
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 14.126
7 9.273
12 6.017
2 23.178
7 17.217
12 11.769
2 27.508
7 20.136
12 13.804
2 29.140
7 20.679
12 14.893
2 39.534
7 28.607
12 21.077
2 43.514
7 32.411
12 21.240
2 45.276
7 32.827
12 24.292
2 11.815
7 7.888
12 5.499
2 18.025
7 11.894
12 8.028
2 22.862
7 14.078
12 9.118
2 35.184
7 25.905
12 17.978
2 41.882
7 29.324
12 20.222
2 43.923
7 32.106
12 22.015
2 61.302
7 43.682
12 30.032
7
13
6
200
1
7
13
800
1
1400 1
6
0
200 13
800
1
7
13
1400
1
7
13
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Degree of Curvature Grade (%) Length of Feature (ft) Height of Feature (ft) Offset (ft) b
2 67.112
7 48.816
12 33.102
2 68.321
7 48.738
12 34.856
2 12.084
7 8.184
12 5.703
2 18.242
7 11.570
12 7.938
2 19.927
7 13.815
12 9.158
2 34.823
7 26.079
12 18.012
2 41.679
7 30.406
12 20.588
2 44.988
7 32.453
12 21.333
2 61.592
7 42.883
12 30.146
2 66.338
7 47.063
12 33.002
2 70.262
7 49.932
12 34.353
13
1400
1
7
13
6
6 1400
7
13
12
200
1
7
13
800
1
7
